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Introduction 

Man’s picture of the universe has changed many times, even in com- 
paratively recent times. We need not go back as far as the ancient Hindu 
cosmology to get a finite universe; on the other hand, we may go even 
to the Sanskrit Mahabharata and find that “The sky thou seest above is 
infinite.” At almost every moment, there have been alternative World- 
pictures which have been equally warmly upheld by opposing thinkers 
of the time, supported by the best observational evidence. 

Our situation today is essentially the same. Observations made with 
the most powerful equipment, both mental and material, appear to give 
us a choice of World-pictures. However, the balance seems slowly to 
be tilting in favor of what is at once the most elemental and the most 
baffling type of universe—the infinite. 

The structure of the observable volume of space hinted at two cen- 
turies ago by Thomas Wright, Immanuel Kant, and Lambert, and 
described quantitatively only in the last two decades, is today, little by 
little, filtering into the perception of the student and layman. Lest there 
should remain any doubt about this well-established picture, it will be 
described in the two sections which follow immediately. Then we shall 
try to infer from this picture the nature of the cosmos—all of Creation. 





Our Galaxy 

That the Milky Way plays an important part in the structure of the 
visible universe was long suspected because it is very nearly a great 
circle of the heavens. But it was Sir William Herschel who, in 1784, 
suggested a method for testing it. Moreover, he went on to carry out 
his plan. Almost thirty years later he wrote, “A knowledge of the con- 
struction of the heavens has always been the ultimate object of my ob- 
servations.” 

Herschel’s plan was to count the number of stars he could see in 
various directions, per unit area of the heavens. In the direction of Coma 
Berenices, Leo, and Cetus, he saw only a few stars at one time, in the 
field of view of his 19-inch reflector; in other parts of the sky (for 
example, Sagittarius) he saw as many as 600 stars at one time. He had 
to assume a uniform distribution of stars in depth, and that, on the 
average, differences in apparent brightness were due entirely to differ- 
ences in distance. On these assumptions, he built a picture of our system 
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of stars (“our nebula,” he called it, for he had practically concluded 
that all nebulae were aggregations of stars) indicating that it “‘is a very 
extensive branching congeries of many millions of stars,’ and that we 
are located at one side of the middle of it. It appeared to be roughly five 
times as wide as it was thick; his conclusions, translated to modern reck- 
oning, were that the diameter and the thickness were, respectively, 6000 
and 1100 light years. One portion of the rim of the disk was deeply 
grooved, to account for the bifurcation of the Milky Way between 
Scorpius and Cygnus. While he assumed uniform distribution in depth, 
Herschel’s later work convinced him that the stars of our Milky Way 
System are ‘“‘very unequally scattered and show evident marks of cluster- 
ing together into many separate allotments.” 

Early in the present century, somewhat similar work, based upon a 
few measures of actual distances, led to values from 23,000 to 55,000 
light years for the diameter of the system, with the thickness always 
somewhere in the neighborhood of a fourth or a fifth of the diameter. 
While there are extensive studies of detailed distributions of stars in 
specific regions now in progress, principally at the Harvard College 
Observatory, perhaps it will suffice to speak here of the work of Seares 
and van Rhijn, in connection with the so-called Selected Areas. These 
are many small regions, located 15 degrees apart, scattered all over the 
sky. Intimate studies of these regions were made at the Mount Wilson 
Observatory, and the first result was that it is a certainty that we live in 
a finite, more or less isolated cloud of stars which today is called the 
Milky Way System, or our Galaxy. 

When we count the stars brighter than, say, the magnitude 2.0, we 
find that there are 40 of them; brighter than magnitude 3.0 (thus in- 
cluding those counted above) there are 135; brighter than 4.0, there are 
450; the number increases until, brighter than magnitude 7.0, there are 
almost 15,000. The ratio of the number brighter than a given magni- 
tude to the number brighter than the next brighter magnitude is not 
more than 3.4, even for the brightest stars. 

To realize the significance of this, we must, as Herschel did, assume 
that, on the average, the stars are all of the same intrinsic brightness. 
If we assume a uniform distribution of such equal-luminosity stars, ex- 
tending for large distances in all directions from us, they will appear to 
be fainter, the more distant they are. 

Suppose we count all the stars we can find brighter than, say, apparent 
magnitude 6. Let that number be, perhaps, 4500. Now our problem is 
to attempt to anticipate the number we shall find when we go to magni- 
tude 7 in our counting. These faintest stars of magnitude 7 are one 
magnitude fainter than those which limited the previous count; they 
are, then, 1/2.512, or about 0.4 times as bright. Therefore, if they are 
assumed to be of the same intrinsic brightness throughout, at least on the 
average, their distances will be the square root of 2.512 times as great as 
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those of magnitude 6. This distance factor is, more accurately than we 
need to know it, 1.585. So, when we count down to magnitude 7, we shall 
be counting, at the limit, stars which are 1.585 times as far away as the 
limiting stars which we counted down to magnitude 6. This new sphere 
has a volume 3.98 times as great as the volume limited by stars down to 
magnitude 6, and, since the stars have been assumed to be uniformly 
distributed in all directions, it should contain 3.98 times as many stars. 
Therefore, for a uniform distribution of stars, the number should in- 
crease by a factor of almost 4 when we count down to one magnitude 
fainter. 

We should, then, find about 18,000 stars brighter than magnitude 7, 
for we found 4500 down to magnitude 6. Furthermore, there should 
be about 70,000 stars brighter than magnitude 8, and about 280,000 
brighter than magnitude 9. As a matter of fact, the observed numbers 
down to magnitudes 7, 8, and 9 are, respectively, 14,300, 41,300, and 
117,000. The conclusion we can and must draw is that the stars are not 
uniformly distributed in space—the numbers diminish as we travel out- 
ward from the sun. 

For counts to magnitudes 7 and 8, the ratio is not 4, but is instead 
2.9; between limits of magnitudes 10 and 11, the ratio is 2.7; between 
magnitudes 13 and 14, the ratio is 2.4; between magnitudes 16 and 17, 
the ratio is 2.1 ; and between magnitudes 19 and 20 the ratio is 1.7. This 
steady diminution of the ratio tempts us to estimate the magnitude for 
which the ratio would be precisely 1.0; although there is considerable 
danger of uncertainty involved, we find this to be just brighter than 
magnitude 30. This means that the total number of stars has been 
reached when we get to that magnitude; there are no stars fainter. The 
total number of stars observable to visual magnitude 20 is approximately 
1,000,000,000 ; to the hypothetical limiting magnitude of 30, the esti- 
mated number, according to Seares, would be about 30,000,000,000, not 
including those hidden from us by dark nebulae. It is likely that the 
total number of stars in our Galaxy is not less than 100,000,000,000—ap- 
proximately the number of separate crystals in 21% tons of sugar! 

There is little doubt that more recent studies of the number of stars 
revealed when infra-red photographs are taken would yield a higher 
total, but this value, a hundred thousand million, will do for a round 
figure. 

From these modern star-gauges, the galactic concentration can be 
ascertained. That is, we wish to know the ratio of the number of stars 
per square degree in the Milky Way to the number of stars per square 
degree at the poles of the Milky Way. The material of Seares and 
van Rhijn was so averaged that our results must be those which we 
would find if we were at the center of a symmetrically arranged cluster 
of stars; the northern and southern areas are averaged together, and 
the galactic longitudes are neglected. 
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For stars down to magnitude 4, there are 3.5 times as many per square 
degree of an average portion of the Milky Way as in a similar area at 
the pole. For stars down to magnitude 21, there are 44 times as many in 
the Milky Way as at one of the poles. This means simply that the system 
of stars extends for a much greater distance in the direction of the 
Milky Way than in other directions. Herschel’s conclusion, that ‘our 
nebula” is disk-shaped, is amply verified by modern studies. 

There are more stars in the southern galactic hemisphere than in the 
northern, which means that we are north of a median plane through 
this disk-shaped slab of stars. There are more stars in the direction of 
Sagittarius and the tail of Scorpius than elsewhere in the Milky Way, 
and the thinnest portion of the Milky Way is that which we see in the 
winter, so the center of the Galaxy, where the stars are most crowded, 
must be in the direction of the tail of the Scorpion ; when we look toward 
the boundary of Perseus and Auriga we are looking in the direction 
opposite the center. 

It was noticed many years ago that the globular star clusters are dis- 
tributed in a rather strange way; most of them are in one half of the 
heavens, and it is that half which has Sagittarius in the center of it. A 
single photograph taken at the Harvard College Observatory shows 34 
of these clusters, about a third of the total, crowding rather closely the 
spot which, on the basis of star counts, we have already adopted as the 
direction of the center of our system. Perhaps these clusters are more 
or less symmetrically distributed about the center of the galaxy. If we 
can measure their distances, and determine the center of their distribu- 
tion, we shall have determined the distance to the center of the Galaxy. 

By means of the variable stars and other intrinsically bright stars 
contained in these clusters, Shapley was able to determine their distances, 
and his preliminary values have been more lately corrected for the ef- 
fects of the obscuring interstellar cloud of gas and dust, through the 
work of Stebbins and Whitford. The center of their distribution is in 
the direction of the tail of the Scorpion, at a distance of about 30,000 
light years. 

Distances determined from variable stars in various parts of the sky 
have resulted in an acceptable picture of our Galaxy as a flattened ag- 
gregation of stars approximately 100,000 light years in diameter, aver- 
aging perhaps 15,000 light years thick, surrounded by a roughly spheri- 
cal “haze” of stars which would be invisible from distances of a few 
hundred thousand light years. What the internal structure is, we can 
not say at present. That it is likely to be a spiral is a foregone con- 
clusion, based on analogy with the millions of spiral-shaped objects 
observable elsewhere in the outer regions of space. 


Certain systematic motions have been observed in our Galaxy, when 
we reach out to distant objects such as the highly-luminous B stars, or 
Cepheids. In the direction of Scorpius, and in the opposite direction, the 
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average radial velocity is zero; similarly the average is zero in directions 
at right angles to these. In between, however, the average radial veloci- 
ties are positive or negative, depending on the particular galactic longi- 
tude. The interpretation of this effect is a rotation of the Galaxy. 

Suppose our system of stars to bein rotation about its center. Its 
manner of rotation will be one of two: It will rotate either as a solid 
body or in some other way. The latter alternative would seem to leave 
considerable latitude of choice, but the principles of dynamics enable 
us to narrow the choice considerably. Comparatively elementary prin- 
ciples tell us that, if a system is composed of discrete concentrations of 
mass, it will rotate as a wheel or solid disk only if the particles of mass 
are distributed uniformly. We have seen that the stars are not uniform- 
ly distributed, so we may eliminate this possibility. This is quite fortu- 
nate, for an observer on the spoke of a wheel can not detect the rotation 
of the wheel, from observations solely of other particles of the wheel. 
In a system such as ours, where there is a concentration of mass toward 
the center, particles (stars) nearer the center will be travelling about the 
center faster than those farther out. This shall be our working hy- 
pothesis. 

We shall suppose the sun and its neighboring stars to be revolving 
with an unknown velocity about a distant center, whose position is un- 
known. We shall suppose further that objects between the sun and the 
center are moving with higher orbital speeds and those beyond the sun 
with smaller speeds. Then those “behind us,” to one side, will be catch- 
ing up to us, and those on the other side will be falling behind. The first 
group will appear to be approaching, the second, receding. Directly 
“behind us,” the stars will be travelling with our speed, so they will 
appear to be neither approaching nor receding. Those between us and 
the center, at any moment, and those directly opposite, will also appear to 
have no radial velocities. “Ahead of us,” to one side the stars will ap- 
pear to be receding, for they travel faster than we do; to the other side, 
the stars will appear to be approaching, for we are catching up with 
them. The mathematical theory, developed largely by Oort, is quite 
clearly defined, and observations should enable us to describe the motion 
of our system quite accurately ; we should be able to determine the dis- 
tance and direction of the center, and our own velocity, within certain 
limits. About 75 years ago, Gyldén worked out the same type of prob- 
lem, employing the relative motions of only a few asteroids, and he was 
able to compute the direction of the sun quite accurately. Using hun- 
dreds of stars, we should be able to do the same for the center of our 
Galaxy. 


There have been several solutions of the problem, depending upon 
various types of objects. The best values appear to put the center in 
the direction of the tail of Scorpius, at a distance of about 30,000 light 
years, precisely the same thing found from star counts and the dis- 
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tribution of the globular clusters! Further, the velocity of the sun in 
its motion about this distant center appears to be about 170 miles per 
second, so we should require about 225,000,000 years to complete a 
circuit. That this is not such a prodigious period of time will be realized 
when we recall that the geologic age of the earth is at least ten times as 
great ! 

Even the total mass of the Galaxy can be determined from observa- 
tions to decide the type of rotation. It comes out as 165,000,000,000 
times the mass of the sun; when we recall that star counts yield a total 
of at least 100,000,000,000 stars, each approximately as massive as the 
sun, we may feel quite gratified. Already attacks are being made on 
these values, and the accepted figures at any moment during the next 
decade may fluctuate somewhat on either side, but not by any appreciable 
range. 

And now we shall leave this Galaxy of ours, and explore the universe 
beyond. From what we find out there, we shall attempt to infer what 
we will find when our powers of observation and understanding have 
been developed to greater heights. 


The Observable Region of Space 

When we take photographs of the heavens, we are likely to find 
objects other than stars on them. By far the most numerous category 
of objects is the so-called “spiral nebula.” There are those who insist 
upon calling these things “nebulae” (as opposed to “galaxies”), quoting 
dictionaries to the effect that a galaxy must be the Milky Way, or “an 
assemblage of brilliant persons,” or some such thing. Recourse to a 
dictionary tells us that a nebula is “a self-luminous mass of gas,” and 
certainly this does not describe one of these spiral objects. We should 
be permitted to develop our own nomenclature, and there seems little 
chance of confusion if we use the word galaxy to describe one of these 
distant aggregations of stars. Certainly if we say “a galaxy” we do not 
mean the Milky Way; certainly when we say “our Galaxy,” or “the 
Galaxy,’ we mean our system of stars. Why not use this terminology, 
and say “Milky Way” when we mean the Milky Way, the apparent 
band of light in the sky? Instead of “spiral nebulae,’ why not simply 
“spirals?” 

With the 100-inch Hooker telescope of the Mount Wilson Observa- 
tory, approximately 100,000,000 galaxies could be photographed, if 
every bit of the sky were recorded, with long exposures. This would 
extend down to all such objects as faint as photographic magnitude 21.5, 
the faintest recognizable. About 80% are spirals, 17% are elliptical 
or spindle-shaped, with no apparent internal structure, and the remain- 
ing few are irregular clouds. All of them consist of stars, as is shown 
by their spectra, and by the actual resolution of about 150 selected speci- 
mens. The elliptical galaxies have not been directly resolved into stars, 
yet outbursts of individual stars (“supernovae’’) have been observed in 
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them; too, the elliptical galaxies are only about as large as the un- 
resolved nuclear regions of the spirals, and we might even consider them 
galaxies in which only the nuclei exist—the spiral arms have not yet de- 
veloped, or have developed and passed away. 

The sizes of these objects are also much abused, in the current litera- 
ture. One worker will say they are of the order of 20,000 light years in 
diameter, for that is how big they appear on his plates (the distances 
being known or estimated). Yet if the same plates are examined photo- 
metrically, instead of visually, the sizes are increased by factors of from 
two to five times. Our own galaxy, viewed from a distance of many 
millions of light years, would appear to be of the same order of size as 
those we photograph; there is no valid reason why we should not con- 
sider them to be of the same order of size as our own (with, of course, 
the inevitable exceptions). 

Their distances are determined by means of the variable stars and 
other high-luminosity objects in them, precisely as was done for the 
globular clusters. For the more distant ones, we must assume that there 
is a certain average size and intrinsic luminosity for galaxies, and we can 
make fair estimates of their distances on these bases. 

The nearest spirals are of the order of 650,000 light years distant ; 
closer than these are the Large and Small Magellanic Clouds, apparent- 
ly irregular galaxies associated with our own system. The most distant 
galaxies seen on long-exposure plates made at Mount Wilson are of the 
order of 500,000,000 light years from us! The observable volume of 
space is a sphere approximately a thousand million light years in 
diameter! Using this diameter, and computing the volume occupied by 
the 100,000,000 galaxies, we get a spherical volume about a million light 
years in radius for the space allotted to an average galaxy. The average 
distance between galaxies is thus about two million light years. 

As with the stars, however, there are irregularities of distribution. In 
some regions of the heavens, we find clusters of galaxies, in which sev- 
eral hundred will be closely packed into areas no larger than the apparent 
disk of the moon. Some investigators feel that these apparent tendencies 
to cluster are the important features of the observable region; others 
feel that the clusters of galaxies are mere incidents in an otherwise 
roughly uniform distribution. For the moment, we shall lean to the lat- 
ter opinion. 

Back in 1925, a number of radial velocities of galaxies had been 
derived at the Lowell Observatory, and these showed a systematic ef- 
fect which was somewhat puzzling. The velocities derived were higher 
than any velocities previously determined for the stars; in addition, the 
fainter galaxies appeared to have the higher velocities. All these veloci- 
ties were directed away from us, although there were apparent motions 
of approach before the effects of galactic rotation were allowed for. This 
was the beginning of the idea of the “Expanding Universe.” 
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Today these early results have been confirmed and extended to fainter 
(hence more distant) galaxies. Unfortunately, the very faintest known 
objects of this type can not be studied with the spectrograph, for the 
amount of light available is too small. For the faintest studied, however, 
the shifts of the spectral lines indicate a velocity of recession as high as 
25,000 miles per second! This galaxy is about 250,000,000 light years 
distant, as gauged by its apparent brightness and apparent size. 

Out to this boundary, the many velocities obtained seem to sustain the 
initial impression that the more distant galaxies are receding with the 
highest velocities; there appears to be a practically linear relationship 
between distance and velocity, in the sense that, for each additional 
million light years distance, the velocity of a galaxy is greater by 100 
miles per second. For example, a galaxy which is 100,000,000 light years 
away will have a velocity of 10,000 miles per second; one 500,000,000 
light years away will have a velocity of 50,000 miles per second. We 
are not able to obtain the velocities of galaxies that distant, it must be 
remembered, but what we have observed so far leads us to believe that 
we may anticipate such a velocity for such a distant object. 

Longer and longer exposures reveal more and more galaxies. They 
seem to be thickly strewn in all directions in space, and extended counts 
have been made in certain regions, at Mount Wilson, and down to less 
exacting limits over the whole sky, at Harvard. At the moment there is 
some degree of conflict in the values from the two batches of survey 
material. As has been hinted earlier, there are some who believe the 
discontinuities, the clusters, to be the important features, while others 
feel they are not very important. Certainly it seems rather strange that 
the galaxies appear to be distributed, on the average, uniformly both 
over the surface of the sky and in depth, if the clusters have any great 
significance. 

Let us assume that the observed bunching is not very significant. When 
detailed counts are made in selected regions, and the results extended 
over the whole heavens, we find that down to about magnitude 17 the 
number of galaxies added each time we go down one in limiting magni- 
tude conforms to an hypothesis of uniform distribution in depth. We may 
recall that this problem was detailed in connection with the stars, and 
the conclusion was that, for uniform distribution, the number should 
increase by a factor of 4, for each fainter magnitude. This ratio is pretty 
well adhered to, for galaxies down to about magnitude 17. 


For fainter galaxies, however, the ratio is not correct; the deviation 
from uniform distribution becomes quite noticeable at magnitude 18. At 
about magnitude 21, we should have to include galaxies as faint as mag- 
nitude 21.6, in order to bring the number up to that anticipated. The 
galaxies seem to be falling off in number, as we get farther away, as 
though we were situated in the densest portion of the universe. The only 
way we can bring up the numbers to conform to the hypothesis of uni- 
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form distribution is to correct the magnitudes of the very distant gal- 
axies; we must make them brigher, so we can include some of those 
which would otherwise not be included because they appear too faint. 

This may seem to be a deliberate forcing of the hypothesis of uni- 
form distribution, but we must remember that the appearance is one of 
uniformity, down to magnitude 17. Too, we must in some way avoid 
an anthropocentric distribution. It is a possibility that we are located 
in the center of the universe, and that the galaxies thin out in all direc- 
tions, as we go to greater distances, but it is not likely. Perhaps we 
should recall at this point that we have another apparently systematic 
effect, centered upon us: the recession of the galaxies, or the expansion 
of the universe. If we can establish a relationship between these two 
effects—preferably a cause and effect relationship—we should have only 
one effect to explain. 

In the section which follows, we shall see what we can learn about 
the universe, based upon what we see in our immediate neighborhood. 

The Structure of the Universe 

Some may recall that Doppler made the suggestion that stars which 
are receding from us should appear to be red, while those which are 
approaching should appear blue. This was rejected when the velocity 
of light was found to be so much higher than the velocities of the stars; 
the shift of wave-length due to velocity in the line of sight is so small 
that the color will not be influenced by a measurable amount. The color 
of a star is determined by the shape of the background curve of inten- 
sity in its spectrum, and this in turn is determined by the effective tem- 
perature of the star. It would require a shift of a few hundred angstrom 
units to displace this maximum by an amount which could be noticed 
with the naked eye. 

But now we have wave-length shifts of considerable amounts. A 
galaxy of magnitude 20 is at a distance of 250,000,000 light years, and 
its velocity of recession will be of the order of 25,000 miles per second, 
about 13% that of light. The spectrum of such a galaxy is approximate- 
ly the same as the spectrum of a medium star, such as the sun, and its 
maximum will be shifted more than 500 angstrom units, toward the 
red. The color will be changed by a measurable amount ; the galaxy will 
be reddened. 

The surveys to determine the numbers and distribution of the gal- 
axies were made photographically, with modern emulsions not sensitive 
to the red. As a result, any shift of the maximum intensity in the 
spectrum of a galaxy toward the red will make the image fainter, and 
that is precisely what we found. The faintest galaxies needed to be 
brightened, to bring the numbers up to conform to uniform distribution ; 
the faintest galaxies are the most distant, and possess the largest veloci- 
ties of recession. 
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Qualitatively, then, we may explain the deficiencies in numbers of the 
faint galaxies by the Doppler reddening effect. But how do we stand 
quantitatively ? We should be able to determine in advance how much 
reddening to expect, if it is produced by the Doppler shift. Much to our 
chagrin, the computed values and those observed do not check! More 
specifically, the observed velocities demand Doppler shifts which produce 
corrections which are about 35% higher than those which will result in 
uniform distribution! We over-correct, if we blame the dimming on the 
reddening due to Doppler shift. Interpreted in terms of distribution, 
this puts us in the center of a universe in which the numbers of galaxies 
increase as we go to greater distances! 

We have rather glibly assumed that the shifts of the spectral lines of 
the galaxies are due to the Doppler-Fizeau effect, hence the reddening 
and dimming are due to Doppler effect. The only thing we can say de- 
finitely is that the lines are shifted toward the red, as referred to their 
normal positions. They should be called “red-shifts,” without the in- 
ference that they are due to velocity, and we find such shifts to be due 
sometimes to causes other than velocity. 

The energy in any particular region of the spectrum is inversely pro- 
portional to the wave-length; a shift toward the red (increase of wave- 
length) implies a decrease of energy. We observe that the galaxies are 
too faint; they give off too little energy, or at least they give too little 
energy to our photographic plates. A known shift of all the wave-lengths 
leads to a definite value of decrease of energy; when we apply the cor- 
rections demanded by this very elementary assumption, we find them to 
be the ones desired. 

Here is the situation, then, with the two fundamental interpretations 
at present considered to be reasonable. Either the shifts observed are 
due to real mechanical velocities of the galaxies, or they are not. If they 
are, the corrections demanded by the Doppler shifts put us in the center 
of a distribution which grows denser as we go to greater distances. If 
these shifts are due not to real velocities but to losses of energy, the 
corrections demanded put us in an unfavored position in a uniformly 
distributed field of galaxies. Almost any philosopher would prefer the 
second alternative, and so would almost any ordinary mortal. But before 
we make a final decision we must entertain certain theoretical considera- 
tions which have been advanced. 

First we must consider the possibility that the galaxies are actually 
receding, and that there is no great need to “explain” these motions. For 
example, suppose that “in the beginning’ (whatever that may mean!) 
all the galaxies were much closer together than they are today. Suppose 
further that each of them was possessed of a velocity with respect to 
the average of all the others. Now let a great period of time elapse. The 
galaxies will be much farther apart than they were in the beginning, and, 
quite naturally, those which have been moving fastest will have got 
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farthest away. That is what we observe: those which are farthest away 
are moving fastest. We should not need to be in the physical center of 
all the galaxies ; from any galaxy the same sort of thing would be seen. 
If a galaxy appears to be receding from us, we appear to be receding 
from that galaxy, so we can dispose of our apparently favored position 
as an effect of observation which would be the same no matter in what 
galaxy we might live. 

The observed velocity-distance relationship enables us to compute the 
moment when this expansion might have started. When we remember 
that the relation is such that a million light years increase of distance 
brings about an increase of velocity by 100 miles per second, we can 
compute that all the galaxies must have been quite close together about 
2,000,000,000 years ago. This is a surprisingly recent epoch; geologists 
give figures of this sort as the probable age of the earth, and upon almost 
any hypothesis of the origin of the earth there must have been a large 
stretch of time before it happened. Should we adopt the superficially 
attractive notion that about 2,000,000,000 years ago there was a great 
cosmic “explosion” which sent the galaxies rushing outward? We might 
extend the time somewhat by assuming that the galaxies are not now 
moving with their original velocities, but then we have a pretty job of 
explaining to do. Let’s look further. 

There has been advanced a much more elegant theory, if we suppose 
the redward shifts to indicate real velocities. Playing with relativity, 
de Sitter announced in 1917 that very distant objects should appear to 
be receding from us. The effect he isolated at first was not the correct 
one, but later the proper relationship was derived. Even much earlier, 
however, pure mathematicians had toyed with universes of the kind 
that relativity might suggest; perhaps we can fit the observed universe 
on one of these previously-prepared mathematical skeletons. 

Suppose that for a while we think in terms of two dimensions only. 
Let us sketch a distribution of points on a sheet of rubber; then, by 
means of many hands, or, better, some kind of frame such as that used 
for holding drum heads, let us cause it to expand uniformily in all 
directions. We should observe that the velocities of all the points with 
respect to any chosen one would be velocities of recession, proportional 
to the distances—in other words, the two-dimensional analogy of the 
expanding universe. 

Such a representation is a two-dimensional space finite in size and 
definitely bounded; we might, of course, artificially dispose of this 
boundedness by thinking of the sheet of rubber as of infinite extent. 
But the plane is by no means the only two-dimensional space. The most 
pleasing two-space is the surface of a sphere, which has area as its 
greatest property. It must be clearly understood that we are discussing 
only the surface of the sphere, and not the solid ball. 

The surface of a sphere is a very interesting two-space, for it is at 
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once finite, yet unbounded; it is a curved closed space. The “curved” 
portion of the description is. obvious ; the “closed” characteristic means 
that infinity (of distance from any point in the space) does not exist. 
When we travel on the earth, for example, we have reached our greatest 
distance from our starting point when we are at the antipode of the 
starting point. We may continue to travel, but we shall then be approch- 
ing the starting point. (Remember that we must measure our distances 
only along the surface; the inside of the sphere must not be used.) No 
matter in what direction we may set out, the result is the same—we 
get back home by continuing to travel directly away from home, and at 
no time can we be more than a semi-circumference of the earth away 
from home. 

If we consider that our sphere is a rubber balloon, and blow it up, 
we shall have an expanding space, the two-dimensional surface of the 
balloon. If we put dots of ink on the balloon, each to represent a galaxy, 
they will recede from each other quite nicely, with velocities which are, 
at any moment, proportional to their distances. 

Even if the sphere were not expanding, however, we might run into 
strange phenomena. Suppose we transfer ourselves to the surface of 
the earth, once more. We look about and see what appears to be a flat 
world. We study geometry, and learn that the areas of circles are pro- 
portional to the squares of the radii. The area inside a circle 10 feet 
in radius is, to the best of our ability to measure it, four times the area 
of a circle only 5 feet in radius. Now, to test this “Law of Nature,” 
we choose two longer radii, measured along the surface of the earth, of 
course, for we assume that we are two-dimensional creatures, incapable 
of perceiving a third dimension, or even of recognizing a need for one. 

Let one of these “circles” drawn on the earth have a radius of 3000 
miles, the other 6000 miles; we measure the areas and test them to see 
if they are in the ratio we anticipate. Much to our dismay, we find 
that the areas are, instead of the 28,274,000 and 113,096,000 square miles 
we expected, respectively, 26,941,000 and 92,956,000 square miles ; their 
ratio is as 1 to 3.45, instead of as 1 to 4. Evidently we have gone astray 
somewhere. 

We might set up an elaborate scheme of correction as our radii become 
greater, but this would be, at best, a lame attempt to keep from using 
the ‘‘true” characteristics of our world. We should invent a third dimen- 
sion, and see if perhaps our apparently flat world might not really be 
the curved two-dimensional surface of a three-dimensional universe. A 
brilliant advanced mathematician might discover that the formula for 
the area of a “circle” on the earth should be 


180° R 
Area = 27K? [1 — cos ———], 
TK 
instead of the more familiar 


Area = mR’; 
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R is the measured radius of the “circle,” and K is the radius of curva- 
ture of our two-dimensional world. If we know Kk, accurate areas can 
then be computed ; conversely, measurements of actual areas will enable 
us to determine Kk. 

The analogy should be obvious. A circle is a one-dimensional thing ; 
it is a line, with no width, curved in such a way that it is everywhere 
equidistant from a point called the center. A circle has only length, which 
we call the circumference ; in the preceding paragraphs we should have 
used the phrase “the area enclosed by a circle,” for the circle itself has 
no measure higher than length. It is a one-dimensional space, curved 
and closed, yet it requires two dimensions for its expression. When we 
wish to draw a circle, we require a two-dimensional sheet of paper or 
a blackboard. If we wish to express it in terms of analytic geometry, 
we might use the equation of a particular circle, 


x +> y’ = 4, 
in which there are two dimensions, x and y. 

The surface of a sphere is two-dimensional ; area is its largest meas- 
ure. Yet we need to use three dimensions in order to express this two- 
space, whether we use a billiard ball as a model or use the equation of 
a particular sphere, 

x? — 4x + y?— 4y + 27 — 42+ 8 = 0. 


A student of analytic geometry will be able to visualize this spherical 
surface, and to verify the fact that this equation describes only points on 
the surface of the sphere, and will not work for any point either inside 
or outside the spherical surface. It describes a two-space, yet it has 
three dimensions, x, y, and z. 

When we encounter difficulties (or even before that occurs) in the 
three-dimensional space of our perceptions, should we not adopt the 
hypothesis of curvature of our three-space in four dimensions ? 

It is important to realize that pure geometers had set up the methods 
for dealing with such kinds of space, long before the extent of the uni- 
verse was more than suspected. It was a pure abstraction, as far as the 
geometers were concerned; as de Sitter said, “Purely mathematical 
symbols have no meaning by themselves; it is the privilege of pure 
mathematicians, to quote Bertrand Russell, not to know what they are 
talking about.” So there has been no warping of the mathematics by 
preconceived notions of what space was “really” like; there has been 
only the fitting of the already formulated abstractions to our observed 
phenomena. If we do this, we must take the remaining consequences, 
whether or not they are immediately confirmable by observations. 


As we have been able to set up equations for measurements in the 
two-dimensional surface of the earth, a space curved in three dimensions, 
so we can derive equations for measurements in the three-dimensional 
space of our perceptions curved in a hypothetical fourth dimension. 
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Suppose we are interested in volumes in our three-space. We might be 
able to set up an equation for volumes, in which the radius of curvature 
of our universe would appear. As a matter of fact, such formulae have 
been derived. For example, to obtain the total volume of our universe 
of perception, if it is curved in a fourth dimension, we must use the 
equation 


Volume = 27°R’, 





which certainly contrasts sharply with the familiar Volume = 47R°/3. 

Now, recall that when we applied the ordinary Euclidean formula for 
the area of a circle to the “circles” on the curved surface of the earth 
the ratio was too small; the second “circle” did not include four times 
as much area as the first one. If there had been houses set uniformly 
throughout both “circles,” and we had counted them, we should not have 
found enough in the larger “circle,” as compared with the number in 
the smaller one. 

Now, return to the results of counts of galaxies. When we go from 
the volume of space which includes galaxies down to magnitude 20 out 
to the larger volume which includes all down to magnitude 21, we don’t 
find exactly four times as many; the second volume appears not to be 
large enough, and this is perhaps a symptom of a curvature of our three- 
space of perception in four dimensions. We should be able to evaluate 
the radius of curvature, and hence the total volume of the universe of 
our perceptions, hence the total number of galaxies which exist. 

The discrepancy between observed and anticipated counts is consider- 
able, so a rather high degree of curvature might be expected. Various 
values have been derived for the radius of curvature, but they hover 
around 470,000,000 light years. This is not the radius of the universe 
as we see it, remember ; this is the radius of curvature of our universe 
of three dimensions, as the radius of the earth is the radius of curvature 
of the two-dimensional surface. When this value is used in the equation 
given three paragraphs earlier, we get the total volume of the space 
which we shall ever be able to perceive as equal to 2 & 10”? cubic light 
years. We shall not be able to explore more volume, for none exists, 
unless the universe is swelling up like a rubber balloon, and we wait a 
very long time. The space occupied by an average galaxy is about a 
million light years in radius, hence has a volume of about 4 & 10" cubic 
light years. When we divide this unit volume into the total volume 
given above, we arrive at the number 500,000,000 as the total number of 
galaxies in the universe. 

But we are now able to observe approximately 100,000,000 galaxies, 
and with the 200-inch telescope we should be able to see all of them! 
This is a dishearteningly small number, really! Are we to be able to say 
that we have seen every object in the universe, in our generation? 

The curvature of space in four dimensions will, if we are willing to 
admit this absurd smallness, take care of the discrepancies of the counts 
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of galaxies to the faintest limits observable today. But a real expansion 
of the universe is necessary, in order to account for the red-shifts, and 
the shifts imply further corrections. 

We have already hinted at the alternative, to which most thought will 
be swinging as soon as its simplicity is appreciated. This is the explana- 
tion that the observed red-shifts, and the consequent need for correction 
of the apparent brightnesses, are due to a loss of energy of the light 
which leaves a galaxy and eventually reaches us. We have seen how this 
assumption leads to the proper corrections, so why not entertain it ? 

In my own thinking and speaking for the past ten years I have used 
the phrase “‘light-fatigue”; I am not sure that it is original with me. 
In fact, I suspect it was suggested to me by a paper by MacMillan, 
which appeared in Nature. To my knowledge, he was the first to sug- 
gest that light might lose energy by the very act of travelling, and to 
formalize the expressions for its treatment. What his equations were 
is not important to us here; we have plenty of time to write new equa- 
tions in many forms. But suppose light does lose energy in travelling ; 
the farther it travels, the more energy it will lose, and the greater will 
be the redward shifts of the spectral lines. This is essentially what is 
observed, and this is what is called in current discussions of this problem 
“a new principle of nature.” It disturbs many physicists, who complain 
that there is nothing in the theory of light to permit it. The proper 
answer to such a complaint is that we should build this effect into the 
theory of light ; in our neighborhood we shall never see it operating, but 
the spectra of the galaxies reveal it to us, when we get far enough 
afield. 

So we have arrived today at a choice between a four-dimensional uni- 
verse of distressingly small dimensions, finite, yet unbounded, and ex- 
panding, and on the other hand a conventional three-dimensional uni- 
verse of infinite extent in which there is no real expansion, but in which 
anew principle of nature has been discovered and must be built into the 
theory of the behavior of light. At this writing, the best thought 
inclines to the latter alternative. General opinion will probably approach 
it asymptotically, because so many theoretical expanding relativistic uni- 
verses must be reexamined, in order to see how it will be possible to 
evaluate the demanded expansion as zero! 

Weare awfully young to feel that we have solved all of Nature’s rid- 
dles, or even that we have solved any of them correctly. Despite our 
apparently great achievements in science, I feel that every so often one 


should again quote the story Langley told at the conclusion of his “New 
Astronomy” : 


“IT have read somewhere a story about a race of ephemeral insects who 
live but an hour. To those who are born in the early morning the sun- 
tise is the time of youth. They die of old age while its beams are yet 
gathering force, and only their descendants live on to midday; while it 
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is another race which sees the sun decline, from that which saw it rise. 
Imagine the sun about to set, and the whole nation of mites gathered 
under the shadow of some mushroom (to them ancient as the sun itself) 
to hear what their wisest philosopher has to say of the gloomy prospect. 
If I remember aright, he first told them that, incredible as it might seem, 
there was not only a time in the world’s youth when the mushroom itself 
was young, but that the sun in those early days was in the eastern, not 
the western, sky. Since then, he explained, the eyes of scientific ephemera 
had followed it, and established by induction from vast experience the 
great ‘Law of Nature,’ that it moved only westward; and he showed 
that since it was now nearing the western horizon, science herself point- 
ed to the conclusion that it was about to disappear forever, together with 
the great race of ephemera for whom it was created. 


“What his hearers thought of this discourse I do not remember, but 
[ have heard that the sun rose again the next morning.” 


FELs PLANETARIUM, PHILADELPHIA, PENNSYLVANIA, 





Observations of Brightness of Comets 
1940 d, 1941 c, 1941d, and 1942a 


By N. T. BOBROVNIKOFF 


The study of the physical properties of comets is seriously affected by 
lack of precise data. Among other physical data relating to comets the 
total brightness can and should be determined much more often than is 
generally the case. With a simple technique available to many an ama- 
teur the brightness of comets can be estimated with the probable error 
of + 0“.05 for one set of observations.’ The number of available ob- 
servations is distressingly small, and every worth-while contribution to 
the existing material on the brightness of comets should be welcome. 

This paper is an attempt to put into practice the desiderata expressed 
by me on several occasions. Four comets have been observed to show 
the methods I would suggest. Table 1 gives the detailed comparisons of 
the total light of four comets with the stars. Comparisons were made 
by means of prism binoculars, power 8, made by Hyphos, Paris, with the 
free aperture of 28 mm. Under good conditions stars of 8™.0 can be 
readily identified by means of this instrument, but generally speaking 
the limit for cometary work is about 7“.5. The comparisons were made 
by the Pickering method, putting the stars out of focus until they looked 
somewhat like the comet and comparing them several times with the 
focal images of the comet. Moonlight and dawn were avoided as much 
as possible. As the comparison stars were always within a few degrees 
of the comet both above and below it the differential absorption of light 
was negligible, and no correction for the absorption was used in Table 1. 
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TABLE 1 


OBSERVATIONS 


Comet 1940 d (CUNNINGHAM) 


No. Comparison H pee. 

1940 M M 
1 Dec. 21.00 a5H5b 4289) 24%: 
2 ” 24.00 cSH5d; c3H7b 4.36 0.05 
3” 25.00 dS5H5c 2 2 

1941 
4 Jan. 4.00 e3H7f S500 vicars 
. ™ 4.98 e0H Tae waves 

Comet 1941 c (PARASKEVOPOULOS ) 

No. U.T. Comparison H pe. 

1941 M M 
1 Feb. 11.02 a7H3b; c3H7d 4.83 0.02 
2 ” 12.03 a8H2d eee 
3 ” 19.03 e3H7f; gOH; h1H9i 5.59 0.11 
4.” 19.08 e3H7f; elH9j; k5H51 5.28 0.18 
5 ” 20.04 e4H6); e3H7i; h3H7g; e3H7f 5.22 0:11 
6 ” 21.05 e7H3f; h7H3g; h3H7i; h5H5j 5.68 0.05 
7 ” 26.04 i3H7m; i3H7n; i4H60; i2H8p 6.10 0.02 
8 Mar. 1.04 05H5m; m3H7q; m2H8p; m3H7n; 

o5H5n 6.90 0.04 
9 ” 15.06 r4H6t; HOs 7.84 0.04 
Comet 1941 d (Van GENT) 

No. U.T. Comparison H pee. 

194] M M 
1 Jul. 12.13 H0a; b9H1c 7.42 0.03 
2 ” 14.12 bSH5d; e3H7f£; e5H5c 6.98 0.04 
3.” 16.13 b6H4d; e7H3d; e3H7f 6.94 0.04 
4.” 1816 g0H; b7H3d; e3H7f; h3H7f 6.79 0.09 
5 21.11 eQH; h7H3c; i0H; j8H2g 6.82 0.05 
6 22.11 gOH; eOH; h9H1d; b7H3d 6.90 0.07 
7 ” 23.13 h7H3k; HO1; HOm; h7H3n 6.90 0.03 
8 ” 2411 h8H2k; h7H3o0 6.81 0.08 
9 ” 28.13 p5H50; qg5H50; r7H30; s7H30; 

tOH; u8H2o0 6.76 0.04 

10 Aug. 10.09 v7H3w ; x7H3w; yoH4z 6.77 0.01 
Il ” 11.09 vSH5a’; y8H2z; v7H3b’; v7H3c’ 6.87 0.03 
12 ” 13.09 vSH5a’; y6H4z; d’8H2b’; d’7H3e’ 6.82 0.03 
13.” 13.13 v5H5a’; d’7H3c’; z0H 6.89 0.05 
14” 21.08 f'5H5e’; f’5H5b’; f'SH5e’; y7H3z 6.86 0.02 
15”. 26.08 HOc’; f'9H1b’; £’3H7e’; g’6H4e’ 6.91 0.13 
16 27.11 HOc’; f’5H5b’; f’5H5e’; g’9H1b’; 7.06 0.07 
7 g’9H le’ 
17 Sep. 16.05 h’9H1i’; j’7H3i’ 7.10 0.06 
18 ” 17.05 j'8H2i’; k’9H1i’; 1'7H3i’ 7.23 0.05 
19 ” 21.05 ;’9H1i’; 1’8H2i’ 7.27 0.01 
20.” 22.06 HOi’; 1’9H1i’ 7.38 0.03 
21 ” 23.06 HO0i’ 7.42 


Remarks 


Remarks 


€ ; foggy 

€ ; foggy 
tail 1° long 
tail 1° long 
tail 2° long 

* near star e 
tail 1° long 


C ; tail 3 


* 


long 
in zodiacal light 


Remarks 


between thin clouds 


d= 1156 + 0'7 
clear; brightness 
seems variable 


5 partly cloudy ; 


brightness variable 
somewhat hazy; 
lightning on horizon 
between clouds 
between clouds 


hazy 

before (-rise; 
lightning on horizon 
between thin clouds 
between thin clouds 
clear; d= 533 + 0'3 


after (-set; heavy 
lightning N. horizon 
after @-set; some- 


what hazy 
slightly hazy 
slightly hazy 
slightly hazy 
clear; * on limit of 
visibility 
. somewhat hazy 
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Comet 1942a (WHIPPLE) 


No.  U.T. Comparison m 6p. Remarks 
1942 M M 
1 Mar. 8.11 H0a; a3H7b; alH9c; a2H8d 6.40 0.01 
2 ” 10.21 H0a; H0b; e2H8b 6.39 0.08 
3 13.12 f5H5i; g2H8h; f5H5h 6.36 0.05 
4 ” 20.07 H01; m7H3j; m7H3k; n8H2j; 
n8H2k 6.31 0.08 € 
5 ” 21.05 H0j; j55H5k; 19H1j 6.48 0.05 hazy; ¢€ 
6 Apr. 5.07 HOr; 0o9H1q; p9Hiq 7.03 0.05 
lls 6.06 0o9H1q; HOr; o9H1ir; H0q 6.99 0.08 
*Comet 


In this Table H is the customary notation for the total brightness 
of the comet. It might seem too optimistic to give the brightness with 
the second decimal, but this is apparently justified by the probable errors. 
For one set of observations the probable errors of the mean are 

M 
Comet 1940 d +0.05 
Comet 1941 ¢ 0.07 
Comet 1941 d 0.05 
Comet 1942a_ 0.06, 
the general average being + 0™.05, the same as found by me for the 
average of other observers. 

In spite of the small probable errors the magnitudes given in Table 1 
probably differ considerably from those obtained by means of a tele- 
scope, and they may require large corrections to bring them to the 
photometric systems used by other observers. By the same extra- 
focal method and the same instrument as used for comets the brightness 
of globular cluster M3 was estimated by me to be 6™.7, very nearly the 
same as given by Holetschek (6.6) in his catalogue.? Shapley,* how- 
ever, gives 4".5 for the integrated magnitude of the same cluster. This 
difference illustrates the necessity of caution in combining the estimates 
of the brightness of diffuse objects made by different observers. 

In the remarks conditions of observation are given; in two cases 
(Comet 1941 d) d means the apparent diameter of the comet as esti- 
mated in the binoculars. The same comet on two evenings appeared 
variable to me in brightness in an irregular way with an amplitude of 
perhaps one-half magnitude. Such fluctuations in the brightness of 
comets have been reported from time to time. 

Table 2 gives the comparison stars used for the comets. The H.D. is 
the number in the Henry Draper Catalogue from which the spectral 
class was also taken. The magnitudes are on the Harvard Photo-visual 
System given by Cecilia Payne-Gaposchkin.* This system can be reduced 
to the International Photo-visual System, used in my previous investi- 
gations,’ by the relation 

IPvy — HP’v = + 0™.10 + 0™.06 Ci, 


where C; is the color index. 
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TABLE 2 
COMPARISON STARS 
1940 d 1941 ¢ 1941 d 

H.D. Ss M HD. S M H.D. Ss M 

184006 B8& 4.80 8512 KO 3.60 123323 KO 7.47 

187362 A2 4.90 7439 FO 5.23 122443 G5 6.30 
c 185958 KO 4.25 11171 FO 4.69 122946 5 7.49 

185758 GO 4.32 10550 G5 5.07 122457 8 7.24 


d 
e 
f 
g 
h 
i 


j 
k 


191692 AO 3.28 11559 KO 4.66 120601 
182640 FO 3.36 11037 5.86 121492 


A ery yj oy 
i y 2) 4) 4 
SOC 
N 
u 
— 


G5 Ss 
12641 G5 5.85 118670 G5 6.90 
12573 AS 5.59 117876 G5 5.94 
12235 GO 5.77 118244 F5 6.84 
11803 GO 6.03 119126 G5 5.53 
13468 KO 5.79 117589 A5 7.19 
13612 GO 5.66 116233 A5 6.96 
12203 G5 6.77 119686 A3 7.01 


12414 F2 7.07 116515 
12814 FO 6.75 115782 


BaBe 


12252 G5 7.02 116287 6.69 
12640 F5 7.25 117203 K2 6.82 
12907 F8 7.91 117981 KO 6.52 
12249 G5 7.77 119035 G5 6.03 
13072 K5 7.88 120005 F5 6.49 

120420 KO 5.54 

112171 A2 6.16 


110194 K2 7.07 
109345 KO 6.10 
110066 AO 6.26 
110787 A3 7.04 
110988 G5 7.35 


109615 AO 7.16 
109839 F5 7.34 
111604 A2 5.78 
109995 AO 7.37 
109305 KO 6.46 
110897 F8 5.88 
104513 A3 5.04 
104241 AO 7.42 


103483,98 AO 6.06 
104566 KO 6.47 
100972 BY 6.63 


HD. 
87301 
86611 
86147 
87974 
85505 
82043 
82074 
82229 
83352 
73997 
74294 
75140 
75737 


76309, 7 


61554 
58954 
59189 
59408 


1942 a 


Ss 
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Red stars were avoided in comparisons as far as possible, but once 
ina while even K5 stars had to be used. 
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A Star Finder 


By H. B. CURTIS 


In order that astronomy may be of practical benefit to mankind, 
numerous devices for indentifying stars have been contrived and con- 
structed to aid man to become better acquainted with the heavens, and 
thus enable him to get from place to place on the earth’s surface—the at- 
tempt to do this culminating in the present art of navigation. First there 
were the crude charts of the ancients, then more accurate maps of the 
sky, the planisphere, the celestial globe, and finally the modern marvel, 
the planetarium. 

The Star Finder described in this article has evolved from a simple 
formula which the writer for years has been using in his classes in 
astronomy. The derivation of this formula is as follows: 





Meridian 





South 
FicureE 1 


Let the curved line be the celestial equator in the above idealized figure 
where h is the hour angle of a star, *%, a the right ascension of the star, 
s the right ascension of the sun, (roughly indicating the date of the 
year), t the hour angle of the sun (approximately the time of day), and 

P is the vernal equinox. It is obvious that 

h+a=s+t 
Each side of the equation is evidently the sidereal time. The formula 
holds for all positions around the celestial sphere. When any three of 
the four quantities h, a, s, and t are given, the fourth can be easily found. 
As an illustrative example, we propose the following problem: Where 
is Antares (right ascension 16".4) on June 15 at 10:24 p.m. (Central 
War Time) ? 

Here, a= 16".4, s=5".5 (since June 15 is 7 days before the sum- 
mer solstice where s = 6"), t= 9".4 (for the sun's hour angle at 10:24 
p.m. War Time is about 9".4), and h is required. Solving, h =— 1.5, 
that is, Antares is one hour and a half east of the meridian. 

It occurred to the writer that this formula could be objectified in a 
mechanical device that would solve problems of the above type. The 
accompanying photographs show the device that grew out of the form- 
ula. This device will solve the above problem by a single setting. The 
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map of the sky is mounted on rollers. Simply turn the knob in the 
lower right hand corner (front view) so that June 15 (on the date 
scale) is directly under 9:24 p.m. (on the stationary time scale). The 
map, then, of the Star Finder when it is held up to the south, shows the 
stars as they are at that date and time of day. Antares will be seen to be 
an hour and a half to the left (east) of the meridian. As explained (in the 
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FIGURE 2 
directions) on the back of the Star Finder, the circumpolar stars will be 
seen in their correct positions on turning the circular disc so as to make 
the dates on the two date scales (at 12) read the same. Thus at any set- 
ting the Star Finder shows the whole visible sky as it actually is for any 
time at the corresponding date the whole year around. In the photographs 
the setting shows what stars and constellations are visible and where 
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they may be found on February 5 at 1:45 a.m., April 28 at 6:20 p.n., 
July 31 at 12:10 p.m., and so on for any other day in the year. Full 
directions for using the Star Finder are given on the back where it js 
stated also “‘what the Star Finder will do,” and “some interesting astro- 
nomical facts.’ In this model the sky is of dark blue paper, the stars are 
marked in with white ink, and the frame is made of wood. 
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The Star Finder will solve many other problems besides those of stars 
and planets mentioned on the back of the finder. In addition to the 
“planet sheet” there is a “moon sheet” neither of which is shown in this 
article. By aid of the moon sheet, not only the “age” of the moon (in 
days) can be found, but also the times of moonrise and moonset can be 
found for any date to January 1, 1944. The light figures on the time 
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scale refer to the moon. The complete Star Finder includes both the 
planet sheet and the moon sheet with directions for using. 

The date scale is placed on the revolving (roller) map so that mid- 
night of September 21-22 coincides with the zero hour circle as deter- 
mined by the average sidereal time at that midnight for the 90th 
meridian. If, however, the scale were set to the left or right of this 
position four minutes (on the time scale) for each degree according as 
the locality (for which the Star Finder is designed) is east or west of 
that meridian, correct readings would be read off without allowing for 
that displacement in longitude. For example, a shift of the date scale, 
relative to the revolving map, 51 minutes to the right would give direct 
readings in Chicago, Central War Time, without ‘‘correction.” In North- 
field, Minnesota, the shift to the right would be 72.6 minutes for Central 
War Time. 





FIGURE 4 


The equation of time may be readily found for any day in the year. 
To take an example in which the setting of the Star Finder in the 
photographs may be used, suppose it were required to find the equation 
of time on October 26. For that date the apparent time of the sun is 
given (on the front) as 6:43 a.m.* while the mcan time is given (on the 
back) as 6:27 a.m. Therefore, the equation of time (E== M—S) is 
6:27 —6:43 or —16 minutes. The dates given at each hour circle are 
those of the “real” sun, not those of the “fictitious” or “mean” sun. 
(Since last November when the photographs were taken, the writer has 
inserted the dates of the real sun for each half hour circle. In a larger 





*A.M., because the apparent sun is 5 hours, 17 minutes east of the meridian. 
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model additional dates would be inserted. ) 
The equation of the horizon line is 
tana = cot Asin # 


where a is the angular distance on the map north or south of the equator, 
A the latitude of the place in which the Star Finder is to be used, and 
6 is the arbitrary angle measured along the equator from the west point 
of the horizon. For the entire horizon we plot points for 6 at convenient 
intervals from 60° to @= 360°. (On account of symmetry, it is 
necessary to take values of @ only from 0° to 90°). Thus the horizon 
is readily drawn for any latitude. The horizon of the model in the 
photographs was drawn for north latitude 42°. 





Besides examples used above for illustration, there are many other 
questions that can be answered by simple application of the Star Finder. 
A few such questions follow: 

1. Where is Orion on November 15 at 8:45 p.m.? 

2. What bright star is low in the southeast on September 1 at 9:55 
P.M.? 

3. On what date will Sirius rise at 8:25 p.m.? 

4. When and where will Jupiter be rising around 10:00 p.m. next 
fall ? 

5. When will the Great Double-Double of Lyra be overhead at 9 :00 
P.M.? 

6. Where will the constellation Perseus be at midnight on August 
10? 

7. When is the Great Nebula of Andromeda high in the northwest 
at 8:30 p.M.? 

8. When is Sirius on the meridian at 10:00 a.m. for daylight ob- 
servation ? 

9. At what time of day on what date does Vega rise a half hour after 
sunset ? 

10. When will the moon rise on July 4 of this year? 


It is obvious that such questions could be multiplied indefinitely. All 
can be answered easily by the Star Finder. Sunrises and sunsets for any 
date can be read off directly. 

The model of the Star Finder shown in the photographs is 14% 
inches across and 19 inches from top to bottom. The size of the finished 
product, however, if manufactured, in order to insure greater accuracy, 
may be somewhat larger. 


LAKE Forest CoLiece, ApRIL 4, 1942, 
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Errors in “Marvelous Voyages— III” 


The list of errors which follows was compiled by Dr. Laurence J. 
Lafleur, the contributor of the paper, published in the April (1942) issue 
of this magazine, to which the errors pertain. As intimated previously 
we should be pleased to hear of any other errors in the paper which 
our readers might detect, or of any errors in the list of errors. Epiror. 

ERRorS IN “FROM THE EARTH TO THE Moon” 

1. The perigee distance is somewhat underestimated. 

2. It is quite unnecessary to get to the moon precisely at its perigee. 
Anything in the general vicinity would be suitable. But if it were neces- 
sary to be precise, the critical point is the instant when the projectile 
reaches the neutral point, and this, rather than the moon, should be 
reached when the moon is at perigee. 

3. The moon is at all times at the zenith for some locality on the 
earth’s surface, therefore the coincidence of zenith and perigee is a 
monthly, not a rare occurrence. 

4. The location of a gun to be pointed at the zenith to hit the moon 
is not a free choice within the range stated. For a given month and a 
given longitude only one precise latitude would serve, even as an ap- 
proximation, and for the precision demanded to reach the moon at its 
perigee both latitude and longitude are determined once the month is 
given. 

5. At a given locality on earth, the appropriate conditions will be 
rare. They can only occur between 28° of north and south latitude, but 
near the limiting latitudes they are excessively rare. 

6. The calculated time for the trip of 4 days, 1 hour, 13 minutes, is 
the time required if the projectile has barely more than enough velocity 
to reach the neutral point. But suppose the velocity is considerably more, 
as will be likely since a margin of safety must be provided, then at every 
moment the projectile will be farther from the earth than calculated and 
will lose less velocity to the earth’s gravitation. The gain is cumula- 
tive, and the passage much shorter. 

7. The moon would be 52° 42’ 20” west of the zenith precisely four 
days earlier, but at four days, one hour, and thirteen minutes, the addi- 
tional time would bring the angle to 53° 18’ 49”. 


8. Verne fails to take into account the rotation of the earth, which 
would place the moon 18° 15’ east of its midnight position. The location 
of the moon at the time of firing should therefore be about 35° 3’ 49” 
west of the zenith. 


9. Verne’s method of reaching the figure of 11° for the sideways 
thrust is neither satisfactory nor correctly carried out. Using his method, 
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the sideways thrust of the earth is 18 miles per minute at the equator, 
which would carry the projectile 18 < 5833 (minutes travelled) out of 
its course. This would be 28° 42’, not 11°. 

10. Actually, however, what should be calculated is the angle from 
the zenith that the projectile would actually travel, and the amount of 
deviation from the moon’s gravitational pull. The proper angle to send 
the projectile directly towards the moon’s ultimate position is only 
2° 31’ 12”: allowing for the second factor (not mentioned by Verne) 
would increase the angle somewhat. 

11. In any case Verne uses the angle in the wrong way, assuming 
somehow that the moon will change its position in the sky to accommo- 
date his figures. Actually the gun would have to be aimed at the proper 
angle west of the moon’s zenith position, or, preferably, the time selected 
for the projectile to reach the moon should be the time when the moon 
is not at the zenith, but at the proper angle east of the zenith. 

12. Verne’s two figures of 53° and 11°, both of which are incorrect, 
should be subtracted rather than added anyway. 

13. Whether the projectile reaches the moon before or after perigee 
is a matter of little moment, but that the gun should point in the proper 
direction is essential. Hence, if it should be aimed at the zenith to hit 
an object that will be there on midnight of December 4, it must be fired 
an even number of sidereal days before. Hence the time of firing 
should be 12:16 a.m. instead of 10:47 p.m. 

14. The mathematics of the charge is curious. Verne’s figures give 
340 feet, not less than 200, as the height of the explosive. 

15. Too great a muzzle velocity would be almost as bad as too little, 
as, if considerable in excess of the calculated figure, it would entail miss- 
ing the moon altogether. 

16. To what extent friction with the atmosphere would slow the 
projectile it is difficult to say, but if it were near the suggestion of 
Verne, no projectile would be left. The friction required to reduce the 
velocity of an object weighing 20,000 pounds from 54,000 to 36,000 
feet per second would raise 20,000 pounds of aluminum 4,902,900 de- 
grees F. Even though a large part of this heat would be expended on 
the atmosphere, the remainder would completely vaporize the projectile 
and its contents. 

17. The shape of the projectile will have no effect upon its stability 
once it passes the atmosphere. 

18. The travellers would be subject to the same gravitational influ- 
ences as the projectile, hence there would be no gravitational effects 
noticed within the projectile, and the travellers could not stand on the 
base. 


19. Rotation’ might be desirable, as centrifugal force would then 
give the travellers some weight and enable them to move by friction 
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with the walls. 

20. The shock of departure would be fatal. The projectile acquires 
a velocity of 54,000 feet per second in travelling about 700 feet (900 
feet minus the space devoted to explosive). Assuming a constant ac- 
celeration, which is the most favorable case, it would travel the 700 
feet in .026 second at an acceleration of 2,082,857 feet per sec*. The 
effect would be the same as though a man weighing 150 pounds should 
add 9,763,393 pounds to his weight. Needless to say, he would be 
crushed to a film. 

21. All objects in the projectile and the projectile itself would be 
similarly crushed. 

22. If the charge took 340 feet, the acceleration would be still 
greater. 

23. The device of the water spring could do no appreciable good, 
even if it worked. It would allow the travellers to go three feet less 
than the projectile in the same time the projectile takes to leave the muz- 
zle. Take the favorable supposition that the charge can be compressed 
to one fourth of the space it should take, leaving 815 feet of free tube. 
The increment of weight to a 150 pound man would then be 8,385,736 
pounds. The water spring might cut this figure down to 8,354,868 
pounds. 

24. The water spring would not work, in any case. Where could 
the water be rejected? It could not be thrown up in advance of the pro- 
jectile, for the projectile itself is getting the full force of the accelera- 
tion. It can’t be thrown backwards at the critical time the projectile 
is in the cannon, for the gas pressure would prevent. It would, in fact, 
move in precisely the same way as the rest of the projectile. 

25. To design, build, and erect a telescope of such a size on a moun- 
tain peak in an inaccessible district strains one’s imagination, though it 
is clearly a physical possibility. 

26. The telescope is described as too long for its width. 

27. Although in theory this telescope might render visible an object 
of nine feet diameter on the moon, in practice the seeing would prob- 
ably never be good enough to achieve this goal. 

28. The Crab Nebula would not be resolved. 

29. At the time of the projectile’s arrival the moon will be at its 
zenith at midnight, hence will be near the eclipsing position. Also, it 
will be only about five degrees north of this position. The projectile 
must be in eclipse for practically the entire trip. 
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A Report on the Activities of the Policy 
Committee of the American 


Astronomical Society 
By CHARLES H. SMILEY 


At the suggestion of a number of members of the American Astron- 
omical Society, the Council of the Society voted in December, 1940, to 
create a Policy Committee “to review all of the activities of the Society 
and to present suggestions for improvements.” The President, Dr. Joel 
Stebbins, named the following persons to serve on the Committee: Dr. 
Donald H. Menzel of Harvard College Observatory, Dr. Herbert R. 
Morgan of the U.S. Naval Observatory, and Dr. Charles H. Smiley 
of the Ladd Observatory of Brown University, Chairman. 

As a means of consulting the members of the Society, a question- 
naire was prepared and mailed to the six hundred members of the 
Society. Two hundred forty-nine replies were received. A brief sum- 
mary of the results is given below. 


I. CONCERNING THE ORGANIZATION OF THE SOCIETY. 


(a) The selection of candidates for the various offices. 
109 favored a nominating committee chosen as at present. 
57 a nominating committee chosen by the Council. 
42 primary ballot by the entire membership as in the American 
Association for the Advancement of Science. 
32 nomination by the Council. 
3 other methods. 
(b) The adoption of age limits for the various officers. 
218 voted for no age limits. 
26 for limits of one sort or another. 
(c) The term of the president. 
178 favored a three-year term as at present. 
63 favored other lengths of terms—mostly two-year. 
(d) The number of terms allowed a president. 
167 favored the restriction to one term as at present. 
72 —more terms. 
The reduction of the number of councilors. 
126 were opposed to the reduction. 
37 favored it. 
85 were indifferent. 
(f) The seeking of endowment for publications, research sub- 
sidies or other purposes. 
149 favored the seeking of endowment. 
41 were opposed to it. 
55 were indifferent. 
(gz) The management of the finances of the Society. 
196 favored a finance committee as at present. 
23 preferred to use the trust department of a bank. 
2 suggested other means. 
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CONCERNING THE MEMBERSHIP OF THE SOCIETY. 


(a) The creation of two classes of members, regular and sus- 
taining, differing only in dues paid. 
127 opposed this proposal, 
50 favored it. 
67 were indifferent. 
(b) The election of professional astronomers as fellows and 
amateurs as members. 
148 were opposed to this proposal 
68 favored it. 
33 were indifferent. 
(c) The use of the term ‘Fellow’ to distinguish a select group 
of astronomers. 
143 opposed this proposal. 
73 favored it. 
30 were indifferent. 
(d) The formation of a national society of amateur astronomers. 
109 favored this proposal. 
49 opposed it. 
90 were indifferent. 
(e) The affiliation of such an amateur society (if formed) with 
the American Astronomical Society. 
124 were in favor of such an affiliation. 
58 were against it. 
61 were indifferent. 


CONCERNING THE MEETINGS OF THE SOCIETY. 


(a) The frequency of meetings. 
193 voted for two meetings a year as at present. 
29 for one meeting a year. 
20 for more than two meetings a year. 
(b) Meetings with the American Association for the Advance- 
ment of Science. 
67 favored meeting once a year with the A.A.A.S. 
52 for alternate years. 
24 for every third year. 
61 for less frequently than every third year. 
(c) A fixed location for the annual business meeting. 
161 opposed this proposal. 
17 favored it. 
68 were indifferent. 
(d) Every meeting should be held at an observatory or at an 
educational institution with a department of Astronomy. 
131 were in favor of this policy. 
52 were against it. 
63 were indifferent. 
(e) Emphasis on the social side of the meetings. 
179 were in favor of the meetings as in the past. 
31 were in favor of greater emphasis. 
21 wanted less emphasis on the social side. 
(f) The assignment of more than ten minutes for the presenta- 
tion of important papers. 
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IV. 


V. 


152 favored this proposal. 
67 were against it. 
25 were indifferent. 
(g) The sponsoring of symposia by the Society. 
61 desired a symposium at every meeting. 
42 wanted one at every other meeting. 
119 preferred to have them occasionally. 
11 wanted infrequently or never. 
(h) The type of symposium to be sponsored by the Society. 
75 preferred one or more semi-popular lectures on a special 
subject. 
108 desired a symposium for specialists. 
47 described other arrangements as desirable such as a combin- 
ation of the two suggestions above. 
(1) The character of the Program Committee. 
93 favored a committee composed of the Secretary and the 
President, as at present. 
64 a special committee chosen for each meeting. 
40 a permanent committee. 
29 favored other arrangements. 
(j) The holding of two simultaneous sessions. 
114 favored this suggestion. 
106 opposed it. 
23 were indifferent. 
(k) Abstracts of papers to be required before the papers are 
considered for presentation. 
173 favored this proposal. 
36 opposed it. 
35 were indifferent. 
(1) Abstracts of all papers to be published before each meeting. 
98 opposed this suggestion, 
83 favored it. 
60 were indifferent. 
(m) The publication of the Reports of the Observatories to be 
continued. 
180 favored it. 
21 opposed it. 
43 were indifferent. 
CONCERNING THE PUBLICATIONS OF THE SOCIETY. 
(a) The publication of a “Journal of American Observatories” 
by the Society. 
108 were in favor of this. 
63 were against it. 
65 were indifferent. 
(b) The desirability of an affiliation of the Society with the 
Astronomical Journal or the Astrophysical Journal. 
152 considered such an affiliation desirable. 
31 considered it undesirable. 
60 were indifferent. 


CONCERNING OTHER ACTIVITIES OF THE SOCIETY. 


(a) The maintenance of a central bureau for appointments. 
137 favored this proposal. 
33 were against it. 
69 were indifferent. 
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In addition, many independent suggestions were offered by members. 
A summary of these and a tabulation of answers similar to that above 
were furnished to the members of the Council. After receiving the 
report of the Policy Committee, the members of the Council considered 
a number of changes. In particular, they provided for the creation of 
two committees, a Committee on Publications and a Committee on the 
Scientific Advancement of the Younger Members. Persons desiring 
further information concerning the activities of the Council in regard 
to the Policy Committee’s report may be referred to the Secretary of 
the Society or to the Minutes of the Council, pages 375-6. The Secre- 
ary also has on file a summary of the suggestions received in answer to 
the questionnaire. 

In general, one may conclude that the members of the Society are 
conservative and democratic, and are reasonably well satisfied with the 
manner in which the affairs of the Society have been handled in the 
past. It may be well to point out that this report indicates the state of 
mind of the Society at one time; its value as a basis for predicting the 
future is slight. 

The author wishes to acknowledge his appreciation of the generous 
codperation of the members of the Society and particularly of the un- 
tiring work of the other members of the Policy Committee, Drs. Menzel 
and Morgan. 


PROVIDENCE, RHODE ISLAND, Aprit 15, 1942. 





Burrell Memorial Observatory 
By O. L. DUSTHEIMER 


Through a gift of $75,000, from Mrs. Katherine Ward Burrell of 
Cleveland, Baldwin-Wallace College has one of the finest college ob- 
servatories in the country. The building is a memorial to the late Dr. 
Edward P. Burrell, husband of the donor. The observatory is used for 
classroom and laboratory purposes. A special research program is now 
under consideration. All research work at the Burrell Memorial Ob- 
servatory is under the supervision of Professor Paul Annear. The ob- 
servatory is located on the North College Campus about two miles 
south of the Cleveland Airport and near the Cleveland Metropolitan 
Park. In addition to research and laboratory work, this observatory 
is open to the public, free of charge, each Wednesday evening. 


The dome contains a Warner & Swasey refracting telescope with a 
133g-inch objective, a 4%-inch finder, and a l-inch finder. Just below 
the floor level of the dome, on the roofs of the two wings of the ob- 
servatory are found large spaces for group naked-eye observing. On 
the first floor the circular room contains many exhibits and transparen- 
cies. In the special cabinets, there are a number of replicas of ancient 
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time-recording pieces of apparatus and a collection of old watches and 
clocks as well as many other unique displays. The lecture room, seating 
75 people, is in one wing, and in the other wing may be found two of- 
fices, a mean time clock and a sidereal clock, and observing facilities 
suitable for an astronomical transit. The basement contains an additional 
exhibit room, a photographic dark-room, a shop, a vault, lavatories, heat- 
ing facilities, and storage space. A modernistic sundial, nine feet in 
diameter, is in front of the observatory. 





Burret 1338-INCH REFRACTOR, BALDWIN- 
WALLACE COLLEGE, BEREA, OHIO, 


The optical parts of the Burrell telescope were made by C. A. Robert 
Lundin and Russel Craig of the Warner & Swasey Company. The 
crown for this objective came from Jena about fifteen years ago. The 
flint was made by the Bureau of Standards about two years ago. The 
focal length of the objective is 165 inches corrected for visual observa- 
tions. The weight of the objective is 43.25 pounds. Mr. Lundin did 
a very excellent piece of work in completing the 133¢-inch objective. 
Since Dr. Burrell worked for Warner & Swasey for thirty-seven years, 
all the men that worked on the Burrell telescope made an extra effort to 
make this instrument as nearly perfect as possible in every detail. | 
wish to thank all executives and craftsmen of the Warner & Swasey 
Company for this excellent telescope. 

The observatory is a very fitting memorial to one of the outstanding 
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engineers in Northern Ohio. For 37 years Dr. Burrell was connected 
with the Warner & Swasey Company of Cleveland, Ohio. He was 
trained at Cornell in engineering and for many years his principal work 
with the company was in the design and construction of its well-known 
line of turret lathes and other machine tools. During the last twenty 
years of his active life, Dr. Burrell devoted much of his time and energy 
to the design and supervision of the construction of large reflecting 
telescopes. 

Although the main work of the Warner & Swasey Company has al- 
ways been the manufacture of turret lathes, their high reputation rests, 
in great measure, on the making of telescopes extending back over 55 
years to the time when they built the mounting of the 36-inch refractor 
of the Lick Observatory and ten years later, the 40-inch Yerkes tele- 
scope. It is the opinion of many astronomers that these two refractors, 
the largest ever constructed, have never been equalled in skill and in- 
genuity of design, in accuracy of construction, and in convenience of 
operation. As they reached the useful limit of size in refracting tele- 
scopes, there followed a lull in the construction of large telescopes for 
more than a score of years, broken only by the successful construction 
and operation of the 60-inch reflector at the Mount Wilson Observ: tory 
which clearly showed the great superiority of the reflecting over the re- 
fracting type for apertures larger than 40 inches. 

The Warner & Swasey Company was awarded, by the Canadian 
Government in 1913, the contract for the mounting of a 72-inch re- 
flecting telescope with dome and accessories to be erected at Victoria, 
B.C., and this gave Dr. Burrell his first opportunity at telescope design. 
The mechanical details were beautifully developed by Dr. Burrell, who 
showed little less than genius in working out the operating mechanism 
in the most efficient and, at the same time, in the simplest possible form. 
It was the first telescope to have the main axes wholly carried on self- 
aligning ball bearings and in which all quick and slow motions were 
electrically operated. This telescope, as yet unsurpassed by any work- 
ing telescope in simplicity and beauty of design, in accuracy of con- 
struction, and in speed and convenience of operation, has been in suc- 
cessful and fruitful use since its completion and forms a great tribute to 
Dr. Burrell’s outstanding skill in telescope design. 

This telescope was shortly afterwards followed by the 69-inch Ohio 
Wesleyan reflector similar in design to the 72-inch. A further triumph 
of the Warner & Swasey Company and of its designer, Dr. Burrell, is 
the 82-inch reflecting telescope for the McDonald Observatory in Texas. 
The specifications laid down for this instrument were very exacting and 
difficult to fulfill and required the utmost skill and ingenuity and prac- 
tically unending patience on Dr. Burrell’s part to satisfy. The working 
out of the Coudé form in this type of telescope, the ingenious elevating 
platforms for observing at the Cassegrain focus in every position as 
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well as for silvering and changing attachments, the simplified arrange- 
ments for changing mirrors at the upper end of the tube, and his adapta- 
tion of the McMath-Hulburt vacuum tube type drive, giving any re- 
quired variation of guiding speed in both right ascension and declination, 
are some of the novel and ingenious features developed by Dr. Burrell 
in this instrument. 

The latest example of Warner & Swasey skill is the 24-36-inch 
Schmidt type telescope at the Warner & Swasey observatory of the Case 
School of Applied Science. Mrs. Burrell supplied funds for this tele- 
scope and Dr. Burrell’s influence on his colleagues is evident in the gen- 
eral excellence of the instrument. 

No man can have a finer monument than these great telescopes for 
which Dr. Burrell is in large part responsible, nor can any man have a 
more enduring memorial than that provided by the work they are doing 
and will continue to do in adding to our knowledge of the universe. 
These speak in no uncertain terms of Dr. Burrell’s outstanding scien- 
tific and engineering ability, but they fail to reflect another and equally 
rare aspect of his character, his kindly and lovable personality. During 
the twenty years that I have known Dr. Burrell, my great admiration for 
his ability and my affection for him grew with the years. He was one 
of the grandest men that I have ever known. 


BALDWIN-WALLACE COLLEGE, BEREA, On10, MARCH 10, 1942. 





Planet Notes for July and August, 1942 


By R. S. ZUG 


Note: Greenwich Civil Time is employed unless otherwise stated. To obtain 
Eastern Standard Time subtract 5 hours, Central Standard Time, 6 hours, etc. 
The planetary phenomena are described as they are to be seen from latitude 45° N. 
The data are taken chiefly from The American Ephemeris and Nautical Almanac. 


Sun. Apparent positions of the sun are as follows: 
a 6 


h m ° U 


July 1 6 37.1 +23 10.2 
Aug. 1 8 42.1 +18 14.5 
Sept. 1 10 38.4 + 8 35.9 


The sun leaves the constellation Gemini to enter the constellation Cancer on July 
20. On August 10 the sun will enter the constellation Leo. 


Moon. Phenomena of the moon will occur as follows: 


h m 
Last Quarter July 5 8 58 
New Moon is 12 3 
First Quarter 2. 3513 
Full Moon 27 19 14 
Last Quarter Aug. 3 23 4 
New Moon ig 22s 
First Quarter 19 11 30 


Full Moon 26 3 46 
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h 
Apogee July 11 0 
Perigee 26 9 
Apogee Aug. 7 13 
Perigee 23 9 


Eclipses. A partial eclipse of the sun will occur on August 12. The eclipse 
is invisible except in the Antarctic ocean, 

A total eclipse of the moon will occur on August 26. The eclipse will be 
visible in its entirety in the eastern part of the United States and the ending in 
all parts of the United States. Circumstances of the eclipse are: 


Moon enters penumbra August 26 1 1.7 } 
Moon enters umbra 2 2 05 
Total eclipse begins 26 3 0.9} Universal Time or 
Middle of the eclipse 26 3 48.0 +? Greenwich Civil 
Total eclipse ends 26 4 35.0 Time 
Moon leaves umbra 2% 5 3324 
Moon leaves penumbra 26 6 34.0) 
The Moon being in the Zenith 
Contacts of Umbra Angles of Position in Longitude 
with Moon’s Limb fromthe North Point from Greenwich and in Latitude 
*) ° , , 
First 85 to E. +30 39 —10 47 
Last 116 to W. +82 24 —10 12 


Magnitude of the eclipse = 1.541 (Moon’s diameter = 1.0) 


Mercury. Mercury may be found in the morning sky during the first part of 
July. The planet reaches greatest western elongation (21°4) on July 6, when its 
apparent position will be: a = 5"27™, 5=-+ 20°. Superior conjunction will occur 
on August 2, On August 19, 13", Mercury will pass close to Mars as the two 
planets appear in conjunction. 


Venus. Venus is a morning object and is gradually overtaking the sun in 
apparent motion. The declination of the planet varies from + 19° on July 1 toa 
maximum of + 22° around August 1, then to + 16° on September 1. Venus 
should therefore be a conspicuous object during this interval. Data concerning 
Venus, of interest to observers, are tabulated below: 


Date Distance from Angular Fraction of disk Stellar 
1942 Earth in miles Diameter seen illuminated Magnitude 

June 29 116,407,000 * 1374 0.79 —3.4 

July 9 122,287,000 12.8 0.82 —3.4 

19 127,791,000 12.2 0.85 —3.4 

29 132,899,000 11.8 0.87 —3.4 

Aug. 8 137,588,000 11.4 0.89 —3.3 

18 141,824,000 11.0 0.91 —3.3 

28 145,601,000 10.7 0.93 —3.3 


Mars. Mars is in the evening sky but drawing closer to the sun. On July 1 
Mars will be 2"15™ east of the sun and in declination + 19°. By August 1, these 
figures become, respectively, 1"27™ east of the sun, and declination +13°. On 
August 19, 13", Mars will be situated quite close to Mercury, with the two planets 
in conjunction, The two planets at that time are only 1 hour east of the sun, but 
might be located telescopically. 


Jupiter. Jupiter will be a morning object, quite conspicuous by the end of 
August. The planet will be in conjunction with, and 22’ to the south of, the 
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planet Mercury, on July 18, 8". On August 2, 4", a quite similar conjunction of 
Jupiter and Venus will occur. 


Saturn, Saturn will be found in the morning sky during July and August. 
moving slowly eastward in apparent motion just north of Aldebaran and the 
Hyades cluster. On July 3, 23", Saturn and Venus will be in conjunction, with 
Saturn 4’ to the north of Venus. 


Uranus. Apparent positions of Uranus are as follows: 


a oO 
h m 
July 1 4 24 +20 31.6 
Aug. 1 4 78 +20 46.5 
Sept. 1 4 10.5 +20 53.6 


Uranus will reach western quadrature August 28. 


Neptune. Neptune is in the evening sky and may be observed telescopically 
in the early evening during July. By the end of August the planet will be t 


near the sun for further observation. Apparent positions of Neptune for July 1 
and August 1, respectively, are a=11"51™9, 6=+2° 183; a=11"54m]. 
6 = + 2° 3'0. 


Occultation Predictions for July and August, 1942 


(Taken from the American Ephemeris) 


—_—4 IM MERSION —_ 9 ———EMERSION——— 
Green- Angle E. Green- Angle E 

Date wich from wich from 

1942 Star Mag. ogi 0F a b N et. a bh N 
h m m I h m m 


OccULTATIONS VISIBLE IN LonGiItUDE +72° 30’, LAtitupE +42° 30’ 


July 1 29 Cap 55 2569 —04 +0.6 120 3 46.2 —1.1 +22 200 
4 29 Psc 5.2 513.1 —0.5 +1.1 105 6 60 —06 424 213 

6 vy Pse 4.7 6 49.0 —0.5 +1.6 86 7 534 —06 -+21 2 

23 7 Lib 40 2304 —1.5 —03 68 38 12 2.2 318 

26 130 B.Sgr 65 4482 —15 —04 80 6 0.3 —1.3 1.0 268 
Aug.6 89 Tau 58 6192 —0.1 +10 108 7 98 40.1 423 2B 
21 39GSgr 6.3 23 10.6 te .. 464 23 384 a .. 208 

23 226 B.Seger 64 3168 —18 —08 103 425.5 —1.1 0.2 238 

24 29 Cap 5.5 23 142 —05 +1.0 104 0129 —10 +18 27 

28 4 Cet 63 235.1 —08 +18 66 3 45.0 —1.2 +1.5 249 

28 5 Cet 63 2545 —09 +2.0 55 4 48 —14 +12 B& 

31 uw Cet 44 6593 —22 +04 104 Ss 46 —10 28 207 

OcCULTATIONS VISIBLE IN LONGITUDE +91° 0’, LAtitupE +40° 0’ 

July 3 317 BAqr 63 11218 —13 +14 37 12 336 —1.9 0.8 269 
"4 4 Cet 6.3 8 39.6 a .. 144 8 529 in .. 165 

4 5 Cet 63 8 46.4 —2.3 —0.1 120 9 30.3 —0.5 +3.5 18 

6 v Pse 47 6415 +01 +14 83 7398 —02 +19 2 

9 179 B.Tau 6.0 8 41.1 +04 +20 49 9346 —03 +18 

10 318 B.Tau 5.7 9240 +10 +3.4 14 9 50.2 —0.7 —0.6 320 

17. 44 Leo 59 2294 +03 —28 161 3 49 0.0 —0.4 238 

19 ¥ Vir 29 18 20.7 —0.9 +35 57 1857.2 —0.2 —24 349 
23 7 Lib 40 1545 —21 0.0 84 3 86 —16 —16 ah 
24 24 Sco 50 5278 —12 —05 71 6 306 —1.1 —19 300 

26 130 B.Segr 65 4151 —1.9 +04 79 5 328 —1.9 —06 2 














——.. 


T mn of 


ugust, 
id the 
» With 


pically 





ngle E 
from 
» N 
2 220 
4 213 
1 228 
2 318 
0 268 
3 223 
. 208 
2 238 
8 237 
5 249 
2 258 
8 207 
fe) 269 
. 16 
5 18 
9 236 
Q 279 
6 320 
4 238 
4 349 
6 310 
9 300 





Meteors and Meteorites 








Green- 


IM MERSION 








EMERSION— 





Angle E Green- Angle E 

Date wich from wich from 
1942 Star Mag Ct. a b N ey if a b N 

h m m m h m m m 

Aug.17 1 Vir 48 2 03 —O08 —1L6 111 3 42 —0.4 —1.7 286 
23 d Ser 5.0 0 55.8 as say. ae 1 19.0 .. 342 

23 226 B.Sgr 64 2 41.5 —2.0 0.0 100 3584 —18 +0.2 248 

28 4 Cet 63 221.7 —0.2 417 67 3 234 —06 -++1.5 254 

28 > Cet 6.3 2 39.0 —03 +20 54 3 40.2 —08 +1.3 265 

31 uw Cet 44 6 282 —1.1 41.5 86 7 38.6 —1.0 +2.2 226 

OccuULTATIONS VISIBLE IN LonGiITUDE +120° 0’, LAtitupE +36° 0’ 

July 3 317 B.Aqr 6.3 10 44.5 - .. 358 11 16.9 35 «- wae 
4 4 Cet 63 8 16 —04 —04 132 8 313 —03 +3.8 188 

4 5 Cet 63 8104 —04 +07 111 8583 —05 +27 WS 

8 8 B.Tau 6.2 10 53.2 135 11 BA = .. 186 

19 y Vir i ; : «> “ewe 0.0 —0.4 317 

20 k Vir 5.9 5474 —0.5 —2.6 150 6 34.2 —0.2 —0.7 249 

23 7 Lib 40 1 45 —1.1 —04 129 2174 —1.9 +03 275 
23 190 B.Lib 64 6 11.0 aS ss. Ae 6 30.0 ‘ 358 

24 24 Sco 5.0 4 354 —2.2 +0.2 82 5 53.1 —1.9 —1.3 300 

26 89 G.Ser 65 2 77 —14 +29 43 2 46.2 —0.2 —1.0 329 

26 130 B.Sgr 65 3244 —1.2 +0.7 102 4 363 —1.7 +08 265 
Aug.4 BD+11° 445 5.9 11 10.2 —1.9 +0.7 105 12134 —08 +3.1 207 
23 226 B.Ser 64 1567 —09 +0.1 122 2584 —1.8 1.6 239 

24 47 BCap 62 9134 —0.5 41.0 31 10 42 —1.5 -—2.1 294 

30» =©39 B.Ari 65 12336 —15 +19 3% 13479 —21 —i13 275 

31 u Cet 44 6100 +01 +16 72 7103 —0.3 +16 247 
The quantities in the columns a and b are given for the purpose of making 


these predictions useful for any place within 200 miles 
The procedure is as follows: 


of the point indicated. 
Subtract the longitude of the point given from 
the longitude of the place in question; multiply the result in degrees, taking the 
signs into account, by the quantity under a for the star to be observed; similarly, 
with the latitude, using b; apply the sum of the products, with its proper sign, to 
the Greenwich C.T., and obtain the predicted Greenwich Civil Time for the phe- 
nomenon at the place of observation. To obtain Eastern Standard Time it is 
necessary to subtract five hours; Central Standard Time, six hours, etc. 
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Meteor Notes from the American Meteor Society 
By CHARLES P. OLIVIER, President 


During the past few weeks the cases of more fireballs which were reported 
some years ago have been investigated and the results for some of them will 
form the main part of this paper. Before starting on a discussion of them I should 
like to say that some observations made during the April Lyrid epoch have come 
in, especially a very good lot from a group under our regional director in Okla- 
homa, Prof. B. S. Whitney of the University of Oklahoma, and counts on 3 


nights by Mr. C. Johnson, Jr., of Des Moines, Iowa. When there is reason to 


believe all such reports on the Lyrids are here, the results will be published. Flower 
Observatory Reprints No. 58 and No. 60 have been mailed to our members who 
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have paid their dues. As dues are received from others, still delinquent, their 
copies will go out. I wish again to emphasize that all men in the armed services 
of our country will have their dues remitted so long as they are thus occupied, 
If any such have received bills, please return them with the facts. 

On the afternoon of 1933 Sept. 3/4 at about 6:02 C.S.T. a brilliant meteor 
was observed from 5 stations in northern Georgia. The sun was just setting as 
seen from this region so that the object must have been very brilliant to have 
attracted attention which was great enough to have local notice in the papers, 
without any requests from the A.M.S. Thanks to F. D. Lovette in Atlanta, S2, 
and F. B. Eason in East Point, S4,—the latter an A.M.S. member—the observa- 
tions at hand were gathered and sent to me. The solution is based upon weighting 
the azimuths from S2 and S4, taking that from Augusta, Sl, as correct (only 
the beginning point given from S1) and that the observer, Mrs. W. F. Dunham, 
at Homer, S5, was correct in saying that it passed through the zenith. The results 
based upon these data, which are too few for a good solution, must be considered 
as very approximate. 

For once, every observer agrees that the color was blue-white! Also there 
was agreement that the fireball exploded about half way along its path, throwing 
off at least one large fragment. Its size was estimated as being % that of the moon; 
at Sl as growing from twice to five times the apparent diameter of Venus. The 
carefully made estimate of duration at S2, i.e., 6 +1 seconds, is used to derive 
the velocity given. Parabolic heliocentric velocity is assumed in deriving the 
zenith correction. 


Date 1933 Sept. 3/4 6:02 p.m., C.S.T. 
Sidereal time at End Point 259° 

Began over \ = 82° 03’ W; @ = 34° 02’ N at 82km 
Ended over A = 84° 23’ W; ¢ = 34° 31’ N at 30km 
Length of Path 221 km 

Projected Length of Path 215km 

Apparent Velocity 37 km/sec 

Radiant (uncorrected ) a = 285°, h = 13°5; a = 329°, 5 = —4 
Radiant (corrected) a= 285°,h= 8°9; a = 333°,5 = —7° 


On the evening of 1933 Oct. 16/17 at 6:55 E.S.T., a bright fireball was seen 
to the east of Flower Observatory by my daughter, Alice, then a child. Almost 
at once I had her point out to me just where in the sky she had seen it, which 
was made easier by the trees which served as reference points. This station is 
designated S1. It was also reported from Wellsboro, Pennsylvania, S2, by W. W. 
Scudder; from Rockland County, New York, S3, by G. P. Kilpatrick a member 
of the A.M.S.; and from Bridgeport, Connecticut, S4, by Miss H. M. Russell. 
From Sl, S3, and S4 the path was reported as exactly vertical, practically so 
from $2. But for this fortunate circumstance the case could not have been 
solved. This latter fact is due to small but critical errors in the azimuth lines. 
As I was able to check that from S1, those from S3 and S4 had to be changed. 
This was positively necessary for otherwise they would have passed a little west 
of S1, while due to the position of our house the fireball had to be to the east of 
Sl. Then using the observed altitudes as being correct, the corresponding point 
on the azimuth line from Sl which fitted best could be chosen, as the path was 
vertical, and a solution was then made. In this case the radiant seems excellently 
determined, being independent of the heights. They, however, also come out with 
a small deviation. There is no agreement as to the color. For the duration, $3 
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gives 2 seconds and S4 gives 3+ seconds. The fireball was much brighter than 
the planet Venus, but a closer estimate is not justified. No explosion was noted 
and no train was left. The data are as follows: 


Date 1933 Oct. 16/17 6:55:30 p.m., E.S.T. 
Sidereal Time at End Point 309° 

Began over A = 74° 35’ W; @ = 39° 50’ N at 129+ 15km 
Ended over A= 74° 35’ W; @ = 39° 50’ Nat 124 2km 
Length of Path 117 km 

Projected Length of Path 0km 

Apparent Velocity 47 km/sec 


Radiant (no correction in this case) at Zenith; a = 309°,6 = + 40 

On the night of 1934 Feb. 2/3 at 9:52:20 E.S.T., a bright fireball was ob- 
served by R. D. Case from Ardmore, Pennsylvania, S1. Though the sky was so 
cloudy that the only star he could see at intervals was Sirius, yet he made as 
complete an observation as possible, sending in a path plotted on a meteor map, 
along with full data. He considered the object far brighter than Venus. A note 
was put in the Norfolk, Virginia, papers, as the fireball was considered to have 
appeared above or near that city. This brought in several reports, but unfortu- 
nately they were contradictory as to the end, while agreement was pretty good 
for the beginning point. One observer said it went to the horizon, one that it 
ended 10° up, and from S1 it was calculated at 12°. Evidently the real end point 
was invisible from Sl, doubtless due to denser clouds. Assuming the Norfolk 
observer, S3, was right in describing the path as vertical—a fact easy to note 
a sub-end point was chosen with some degree of probability, but I can not derive 
an end height worth publishing. I have confidence in the beginning point, how- 
ever, and the azimuth of the radiant is right probably within 10°. The fireball 
left no train and its angular velocity is described as slow. E. E. Bagwell, at 
Cheriton, Virginia, S3, described it as %4 the size of the moon. The two altitudes 
used for the beginning height are those from S1 and S3; they agree well. The 
case could probably have been satisfactorily solved had there been only one good 
observation from a ship anywhere near the Virginia Capes. The data derived 
follow : 





Date 1934 Feb. 2/3, 9:50:20 p.m., E.S.T. 
Sidereal Time at End Point 100° 

Began over 4 = 74° 10’ W; ¢ = 37° 06’ N at 130 +2km 
Ended over = 75° 34° W; ¢ = 36° 56’ Nat ??? 
Projected Length of Path 136 km 

Radiant a = 263° +,h=?? 


These notes are concluded by an excellent case worked out by one of our 
staff attached to Cook Observatory. 

Flower Observatory of the University of Pennsylvania, Upper Darby, Pennsyl- 

vania, May 14, 1942. 


FIREBALL OF 1934 JuLy 23 
By Donatp A. McRAE 


In the early evening of this mid-summer day many people on the eastern 
seaboard near New York were relaxing wherever they could get a breath of fresh 
air. Those who had an unobstructed view to the south and who were, perhaps, 
admiring the nearly-full moon low in the southern sky were startled by this 
spectacular fireball. A few of the observers took the trouble to report what they 
saw and to those who did so we would like to express our appreciation. 
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The fireball received some publicity in the press and we are indebted to the 
New York Sun and the American Museum of Natural History for collecting and 
sending to us the reports from New York City and vicinity. These include one 
from Rhode Island, several from Connecticut and a number from New Jersey, 
all of which place the path a little west of south. We are fortunate in having 
received two observations from points in Pennsylvania near. where the fireball 
would have struck the Earth. There were also two observers in Chesapeake Bay 
who saw the object in the northeast. One report from near Lakehurst, New 
Jersey, had to be rejected because the observer was apparently influenced by the 
frequent appearance, from the same direction, of transatlantic dirigibles! 

There were thirty-three reports altogether. Ten of these were sufficiently 
accurately given to be used in the determination of the beginning and end points, 
The others in every case corroborated the positions deduced from these. The 
method used was to plot the azimuths for each observer and then, as usual, to 
choose the point which seemed to represent the observations most satisfactorily, 
The beginning point was well out over the ocean and the end point was over Cape 
May, New Jersey, thirty-five miles southwest of Atlantic City. The path was 
just a bit under two hundred kilometers in length, and the object was travelling 
in a direction thirty degrees west of north. 

Seven good estimates of altitude were available and give results for the 
heights which are in very good agreement. This can be attributed to two cir- 


cumstances, first that the path appeared almost exactly horizontal to New York 
City observers, and second that the fireball appeared between the moon and the 


rees, 


horizon. The inclination of the path to the horizontal was about twelve deg 
J. G. Hand, M.D., (S27) observed the fireball from Montrose, Pennsylvania. Ii 
one computes from the final average heights how the fireball must have appeared 
to him, the altitudes of beginning and end points differ by less than a tenth of a 
degree. This is in excellent agreement with his statement, “The whole path was 
not much more than five degrees long and so nearly horizontal that we should 
have thought it was an airplane except for the unbroken quiet.” 

The total duration of the fireball was close to four seconds. Early in the 
third second it apparently broke into two nearly equally bright parts and a number 
of smaller pieces, so that it appeared to many as an exploding skyrocket. Its color 
is described as white with a mixture of green, particularly in the trailing portions, 
There was no record of a more permanent train, but the moonlight was bright. 
The reports of the brightness of the fireball range from that of the moon for those 
nearby to that of Venus for those at a distance, for whom the altitude was about 
ten degrees. 

The following table contains the detailed results, 


Date 1934 July 23 8:30 + 2:00 p.m., E.S.T. 
Sidereal time of end point 249° 

Began over 73° 42’ W, ¢ 37° 31’ N at 93 km + 9 (av. dev.) 
Ended over 74° 51’ W, ¢ 39° 00’ N at 54km + 7 (av. dev.) 
Length of path 195 km 


Projected length of path 191 km 
Height of explosion point 70km 


Duration 4 sec 

Apparent velocity 50 km per sec 

Radiant (uncorrected ) a= 329° h=11°6 a=285° 6=—31°6 
Radiant (corrected ) a= 329° h= 3°95 a=290° 6= —38°7 


Cooke Observatory, University of Pennsylvania, May 14, 1942. 
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The Distribution and the Probable Origin of the Lunar Craters! 


By Witu1AM Scorr? 
Department of Mathematics, Ohio State University, Columbus 
(Introduced by Lincoln La Paz) 


ABSTRACT 

It has been shown by L. La Paz that, while members of the special class of 
ray craters are distributed very nearly at random on the visible portion of the 
Moon, the same fact does not appear to be true of the typical craters shown on 
certain representative lunar photographs. He has inferred that not all of the 
craters shown on such photographs are of impact origin. In the present paper, 
the nature of the distribution of 3,112 typical lunar craters listed by Blagg is in- 
vestigated. It is found that the distribution of these craters is very probably a 
non-random one. Such preferential distribution is unfavorable to the hypothesis 
that the lunar craters studied in the present paper are all of meteoritic origin. 
In view of the known occurrence on the Earth of craters of both volcanic and 
meteoritic origin, it is reasonable to conclude that craters of both types may exist 
on our near neighbor, the Moon. 

Introduction.—In spite of the controversies carried on over a great number of 
years, there is no general agreement as to the origin of the lunar craters. The 
theory that they are all of volcanic origin appears to meet with insuperable dif- 
ficulties, such as:? (1) The level of the floor of the lunar craters is lower than 
the level of the surface of the Moon outside the crater, a fact which is in direct 
contrast to that obtaining in connection with all but a very few of the volcanic 
craters known on the Earth. These few (terrestrial) craters are of the Maar 
type and agree fairly well with the smaller lunar craters as to shape, but differ 
widely from the lunar craters of medium and maximum size; they lack the 
wreath, the inner terraces, the inner plain, and the central hill, which are char- 
acteristic of so many medium-sized and large lunar craters. (2) The central hill 
which appears in so many lunar craters either does not appear at all or appears 
with a different shape in terrestrial volcanoes. When a terrestrial volcano has 
a central peak, the peak bears a crater at its summit and is a miniature repro- 
duction of the outer cone, whereas the central peak of a lunar crater is rounded. 
(3) Even after allowing for the difference in surface gravitation, the larger lunar 
volcanoes seem too large in comparison with the larger volcanoes on the Earth. 


(4) Finally, in most cases, the volume of excavation exceeds the amount of 
material in the rim of the lunar crater. On the other hand, the hypothesis that 
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all lunar craters are of meteoritic origin has difficulties to overcome; e.g., on the 
Earth, none of the known meteoritic craters exhibits the central peak which is a 
feature of so many lunar craters ;* the size of some of the lunar craters seems too 
large to be compatible with the estimated size of present-day meteorites; the 
shapes of the lunar craters would have required plastic moulding and, at the same 
time, preservation of the resulting form at the time of their origin. 

In view of the known occurrence on the Earth of craters of both volcanic 
and meteoritic origin, it does not seem reasonable to insist that all lunar craters 
must have had the same origin. Presumably, craters of meteoritic, as well as 
volcanic, origin are present. If so, the meteoritic craters should show a random 
distribution, and, as a matter of fact, the ray craters, which superficially resemble 
most closely the meteoritic craters recognized on the Earth, have been shown by 
L. La Paz to exhibit a nearly random distribution.5 On the contrary, if we include 
all of the craters listed in, say, Blagg’s Lunar Formations,* then, as the work of 
this paper clearly shows, the observed distribution is widely divergent from that 
predicted by Laplace’s theorem. This result, taken in conjunction with the dis- 
tribution of the ray craters, referred to previously, shows that, in addition to 
craters distributed more or less at random on the lunar surface, there is a second 
class of craters showing a decided preferential distribution, It is natural to sup- 
pose that the craters in the latter category have had a volcanic origin, since, on 
the Earth, we have most convincing evidence of a non-randomness of distribution 
of volcanoes.® 


§1. Observational Data—The general purpose of this paper is to study the 
distribution of the lunar craters. As a source of the data needed, the monumental 
compendium on lunar formations compiled by Blagg and referred to before was 
used because of its comprehensiveness. This lists several thousand formations of 
which more than 3000 are craters. Concerning these formations, the author 
states: “None are included which are not clearly visible in good photographs, or 
which are less in apparent diameter than 1/500 of the semidiameter of the Moon’s 
disk.” In this paper we have included the following formations as single craters: 
(1) all confluent twin craters, which are indicated in Lunar Formations by the 
symbol 00 placed before the diameter; (2) all formations with no symbol before 
the diameter in Lunar Formations, which include walled craters, holes, and ring 
plains, with the exception of those listed as bright spots, dark spots, or clear 
spots. Formation 689c, which had the footnote “Perhaps a hill,” was omitted. 
Formation 2965, which had the footnote “Bright spot with crater on E. end,” 
was included. Formation 3372, which is identical with formation 3910, is given 
in the first instance with no symbol before the diameter, and in the second case 
with an O before the diameter, which indicates an irregular plain. It was included. 
Other craters, which were listed twice, were included only once. 

Blage’s Lunar Formations lists the €- and y-codrdinates of the apparently 
central point of each formation. From these, we obtain tan ¢ = 7/é, where ¢ is 


*[This work is in 2 vols.: Vol. 1, “Named Lunar Formations,” by Mary A. 
Blagg and K. Miller, 2nd ed., published in 1935 by Percy Lund, Humphries, and 
Co., Ltd., of 12 Bedford Square, London, W. C. 1 (and including work of Comms- 
sion 17 of the International Astronomical Union), and Vol. 2, “Map of the Moon,” 
by W. H. Wesley and Mary A. Blagg. The Ist ed., entitled “Collated List ot 
Lunar Formations,” by Mary A. Blagg, under the direction of the late S. A. 
Saunder, was published in 1913 by Messrs. Neill and Co., Ltd., of Edinburgh— 
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the angle between the east-west line through the center of the lunar disk and the 
great circle through the center of the disk and the crater. At the same time, the 
quadrant in which the crater was located also was listed. Having assembled these 
data for each crater, we then divided the Moon’s disk into 64 equal sectors, 
bounded by great circles passing through the center of the disk. The sectors were 
numbered consecutively from 1 to 64 in a counterclockwise direction, beginning 
with the sector lying in the first quadrant bounded by the east-west line and a 
great cricle passing through the center of the disk and making an angle of 5° 37:5 
with the east-west line. The Moon’s disk was divided in this manner rather than 
in any other possible way in order to avoid possible limb effects, since this method 
of equiareal partition would neutralize such effects. The original purpose of this 
division was to study the distribution of the craters by sectors. However, after a 
preliminary study of their distribution by quadrants showed a very definite non- 
random distribution, it was deemed not necessary, in the present paper, to make 
more than a superficial study of their distribution by sectors. 

We give here a diagram showing the method of dividing the disk into sectors, 
together with the angle ¢. 
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DIAGRAM SHOWING THE METHOD OF DIVIDING THE LUNAR 
Disk INTO SECTORS, AND THE ANGLE @ 

With the aid of tan¢ and the quadrant in which each crater was located, each 
crater was allocated to the proper sector. The coordinates of the following craters 
were found to have an incorrect sign in Lunar Formations and, after consulting 
Blagg’s maps, were changed as follows: 


No. 162: 703,-594 changed to 703, 594. 
No. 1064: -142,-798 changed to -142, 798. 
No. 3561: 117, 248 changed to 117, -248. 
No. 3717: -257,-209 changed to 257, -209. 
No. 3865a: 243, 731 changed to 243, -731. 
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There were 8 craters on the border between 2 sectors. We give here the doubt- 


ful cases and the method of allocating them to a sector: 


No. Sectors in Question Decision How Decided 

1875 24 or 25 25 3y the flip of a coin. 
2818 40 or 41 41 By the flip of a coin. 
2970h 48 or 49 renee 

3089 48 or 49 - (oe 

—- > ell 48 | | beta pinay and 49 
3272b 48 or 49 49 | . 
3729¢ 56 or 57 56 { 2 cases in doubt were 
3735c 56 or 57 57 § U split between 56 and 57, 


$2. Tabulation and Discussion of Results —The actual distribution, by sectors, 
of the craters studied is indicated in the following table, where s denotes the 
number of the sector and v(s) denotes the number of craters lying in sector num- 


ber s. 
££ PLS) S v(s) Ss V(s) S§ vls) 
1 45 17 26 ao 2 49 130 
2 42 18 33 34 19 50 132 
aa 19 58 35. 26 51 131 
4 29 20 i 36 32 52 108 
5 36 Zi 35 37 38 Jo a28 
6 39 Ze af Je da 54 92 
7 3 23 3x 39 «38 55 68 
8 36 24 25 40 43 56 59 
9 46 25 24 41 39 57 62 
10 35 26 32 42 54 58 55 
11 39 27 28 eo 2 59 34 
12 24 28 28 44 70 60 25 
13 38 29 20 45 88 61 32 
14 48 30 33 46 80 62 42 
Is 31 Sl. .@e 47 120 63 40 
16 3 ge 2a 48 80 64 43 


On the basis of the preceding tabulation, it is found that the distribution of 
the craters by quadrants is as follows: 


Quadrant Number of Craters 


1 600 
2 498 
3 840 
4 1174 
Total 3112 


A method of finding the probability that such a distribution as the one ex- 
If the 
distribution is random, then a crater chosen at random would be equally likely 
to lie in any 1 of the 4 quadrants. The probability that it will lie in the first 
quadrant, for instance, will be, therefore, 4. The probability that it will not lie 
in the first quadrant will be 1— (%4) = 34. We shall denote the first probability 
by p and the second by gq. If we let » denote the total number of craters examined, 
then we should expect, on the average, /4 craters to be in each quadrant. The 
discrepancy d is then defined to be the absolute value of the difference between 


hibited in the last table is a random one has been given, e.g., by Coolidge.* 


5s 


n/4 and the number of craters actually in the quadrant under consideration. By 


actual calculation, we have 
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Quadrant d 
] 178 
2 280 
a 62 
4 396 


A method of computing the probability of the occurrence of a given discrep- 
ancy is given by Laplace’s theorem, which asserts that: Jf the probability for 
success be p and that for failure be q=1—pP, then the +“ bability P that in n 


trials the discrepancy will not exceed numerically the number d is nearly equal to: 
. ~4d/ V 2npq 
Keitel as 


We find by actual calculation the following results: 


Quadrant d/V2npq 


1 LW | 
2 8.20 
3 1.815 
4 11.59 


The probabilities P corresponding to the various values of the quantity 
d/V2npq may then be taken from standard tables, and the associated probabilities 
pP*=1—P may be computed.’ The results obtained in this manner are exhibited 
in the following table: 


Quadrant aig 
1 < (0.00001 
2 < 0.00001 
K = 0.01 
4 < (0.00001 


It is quite evident that the distribution of the craters listed by Blagg is very 
likely a non-random one, showing definite aversion to the second quadrant and 
preference for the fourth. Such preferential distribution is unfavorable to the 


hypothesis that the lunar craters studied in this paper are all of meteoritic origin. 


Notes AND REFERENCES 

1 Read at the Eighth Meeting of the Society, Flagstaff, Arizona, June, 1941. 

2 The writer wishes to acknowledge his gratitude to Professor Lincoln La 
Paz of the Ohio State University for his many suggestions and his cooperation in 
the preparation of this me one of 2 theses submitted in partial fulfilment of the 
requirements for the B.A. degree with Honors in Mathematics at the Ohio State 
University. 

3 See, in this connection, Gilbert, G. C., The Moon’s Face, Bull, Phil. Soc. of 
Washington, 12, 241-92, 1893. 

4If the Steinheim Basin is indeed a meteorite crater, as H.P.T. Rohleder has 

ggested, then it constitutes a possible exception to this statement, since an isolated 
hill the Klosterberg, occurs in the center of the crater. 

_5La Paz, L., The Distribution of the Ray Craters on the Moon, a paper read 
before the joint session of Section D of the American Association for the Ad- 
vancement of Science and the Society for Research on Meteorites at the Seventh 
Annual Meeting of the Society, Columbus, Ohio, December, 1939. 

® Consult Iddings, J. P., The Problem of Volcanism, 25, New Haven, 1914, 
and Judd, J. W., Volcanoes, 226, New York, 1885. 
* Coolidge, J. L., Probability, 45, Oxford, 1925, 











336 Variable Stars 





—————. 


8 E.g., those given in J. V. Uspensky’s Introduction to Mathematical Probability, 
New York, 1937. 


“Between the Planets” (Review) 


“Between the Planets” (one of “The Harvard Books on Astronomy,” edited 
by Harlow Shapley and Bart J. Bok), by Fletcher G. Watson, published by the 
3lakiston Company, Philadelphia, 1941, 222 pp., 30 tables, 106 figs., price $2.50, 
is a short, semi-popular, freely illustrated account of the minor planets, comets, 
meteors, meteorites (sometimes called “meteors”; cf. the expression “meteor 
craters”), and the zodiacal light (including the counterglow). Chapters 6-9, pp. 
87-205, deal with meteors and meteorites, under the headings of “Shooting Stars,” 
“Meteor Showers,” “A Meteorite Falls,” and “Meteorites in the Laboratory,” 
Several more detailed reviews of the books have already appeared; e.g., in Sci., 
N.S., 94, 491, 1941, by Charles H. Smiley; P. A., 49, 567, 1941, by E. A. Fath; 
and The Astroph. Jour., 95, 328, 1942, by N. T. Bobrovnikoff.—F.C.L. 





VARIABLE STARS 


Variable Star Notes from the 


American Association of Variable Star Observers 
By LEON CAMPBELL, Recorder 


On the Magnitude Dispersion in the Period-Luminosity Relation: The ques- 
tion as to the reality of the dispersion in the period-luminosity curve has long 
been a disturbing one. A paper by Shapley, McKibben, and Craig appears to 
throw some light on this interesting problem. In discussing the periods and light 
curves of 564 variables in the Small Magellanic Cloud, the authors state that 
there appear to be at least half a dozen causes for the dispersion. 


The spread of the median magnitudes for the Cepheids in any compact stellar 
system can be attributed to at least some, if not all, of the following principal 
factors = 

(1) Irregular space absorption in the system. 

(2) Superposition of star images. 

(3) Extent of the system in the line of sight. 

(4) Inherent spread of luminosities for stars of the same period. 

(5) Eberhard effect and background haze. 

(6) Observational and computational uncertainties, including magnitude se- 
quence irregularities. 

The authors proceed to discuss each factor separately. One of the most strik- 
ing conclusions is that space absorption in the Small Magellanic Cloud is inappre- 
ciable, although we do know that a few bright and dark patches have been ob- 
served. This conclusion does not omit the possibility of space absorption between 
the observer and the Small Cloud, which is believed to amount to about three- 
tenths of a magnitude in photographic light, which effect has been indirectly de- 
tected by means of the scarcity of remote external galaxies in the direction of the 
Cloud. The article appears in the May number of the Proceedings of the Na- 
tional Academy of Sciences. 
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Light Curves of Long-Period Variables, 111: A third installment of the dis- 
cussion of long-period variables is here presented in the same form as in the April 
issue of these Notes. The total number of observations involved is 45,478, or an 
average of 1819 per variable. 

TABLE 1 
: ’ —Av. Dev— Mag. 
No. No. 10% Per. Max. Min. Max. Range Type 
Design Name Obs. Means A/D M/m a 4 a M 


032335 RPer 1413 452 1.13 1.11 210 +62 +58 8.9 5.0 Ba 
032339 RU Per 660 143 041 0.67 320 6.4 72 102 1.5 Cd 
034625 UEri 363 172 086 0.90 274 5.6 4.4 9.4 5.4 Cb 
0351244 TEri 494 232 1.00 1.01 252 6.8 6.5 8.1 4.6 3a 
040725 WEri 412 183 054 0.68 374 4.6 6.0 8.6 3.2 Cb 
042209 RTau 1429 381 0.64 0.67 324 Tain 7.8 8.7 5.2 Cb 
042215 W Tau 2355 481 1.26 1.20 265 9.3 10.3 99 LS Ad 
042309 STau 588 242 0.60 0.51 373 11.2 92 10.6 5.0 Cb 
043065 TCam 3843 632 1.29 182 373 10.0 ia 8.2 5.6 Ad 
043208 RX Tau 974 352 0.78 048 337 7.4 6.0 10.0 3.8 Cb 
043263 RRet 1762 528 0.82 0.69 277 5.8 ’ fe La 5.4 Cb 
043274 X Cam 3555 657 1.00 1.33 143 4.7 4.4 8.3 4.3 Ac 
043738 RCae 909 382 0.66 0.56 393 9.2 8.4 8.0 5.0 Cd 
044617 V Tau 1067 344 1.00 1.16 170 6.3 4.6 9.5 4.1 Aa 
045307 ROri 744 302 080 0.92 378 10.0 8.6 9.6 3.8 Bb 
045574 RLep 3062 494 0.94 112 436° 125 14.1 6.7 ae J Ad 
050001 VOri 1052 355 1.16 0.70 268 7.0 6.3 9.5 4.4 Ca 
050022 TLep 1765 465 083 0.81 367 9.7 Pe | 8.4 4.5 Cd 
050848 S Pic 970 375 046 0.62 428 io 8.9 8.0 5.8 Cb 
050953 RAur 7902* 1566 1.28 1.03 458 8.5 10.0 78 5.4 3d 
051247 TPic 1564 441 083 1.114 200 4.3 39 8.6 5.0 Ab 
051533 TCol 1876 541 1.13 0.90 225 3.6 ao 7.6 4.3 3a 
052036 W Aur 1143 372 0.55 0.66 274 6.0 8.4 9.3 31 Cb 
052404 SOri 1649 371 1.26 1.50 406 8.8 10.5 8.7 3.6 Ad 
053068 SCam 3927 690 1.28 1.62 326 8.4 7.5 8.4 1.8 Ad 

III 1819 464 0.90 0.95 314 io 7.4 8.8 4.3 

II 2009 423 087 1.01 309 rf 7.7 8.8 4.3 

I 1242 336 60.80 0.78 312 6.8 7.9 9.1 a2 

[-II-III 1890 417 086 091 312 va rad 8.9 4.6 





*Years 1885-1941. 


The plotted mean light curves are shown in the figure. Special features of 
some of the curves are noted herewith. 

R Leporis, one of the reddest variables known and of spectral class N6e, is, 
because of its extreme redness, very difficult to observe, and only as a result of 
the large number of observers and observations could we expect to obtain a re- 
liable light curve. The still-stand noted on the increasing branch of the curve 
appears to be genuine. 

S Orionis presents an unusual form of curve for a star of spectral class M7e 
and such a long period. The still-stand is well authenticated. Whether or not the 
involvement of the star in the Orion nebula plays a part is a question. 

S Camelopardalis has an R8-type spectrum, rare enough among long period 
variables, yet with a light curve not unlike that of a number of regular Me stars. 
There is an indication of a still-stand near maximum phase, and the range in 
variation is not large—features common to some N-type stars. 

W Tauri, spectral type M4, with no indication as yet of emission lines, shows 
a curve not unlike that of S Camelopardalis. 

T Camelopardalis, spectral type S3e, shows a well-marked point of inflection 
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near maximum, which is decidedly wider than its minimum. The amplitude of 
variation is also large. 

The three other A-class stars, T Pictoris, V Tauri, and X Camelopardalis 
are typical for variables with relatively short periods; they have maxima only | 
slightly wider than the minima. 
































LigHt Curves OF Lonc-PERiop VARIABLES—III 


There are five variables in the B-class group—those with maxima and minima 
of approximately equal width. R Aurigae, the outstanding instance of a long 
period variable which is subject to marked changes in form of curve over the 
years, has been described in detail in these Notes for May, 1942. 

R Orionis, spectral type Sle has a slightly more rapid increase to maximum 
than the decrease to minimum, although the relative widths of maximum and mini- 
mum are nearly equal, perhaps with a slight perponderance of width of maximum 
over minimum. 

The other three variables of the B group are typical for stars of medium 


é I 
length of period and early Me spectral type. ‘ 
Twelve of the twenty-five variables here discussed fall into the C-class— ; 


minima wider than maxima, and of these, all but V Orionis have more rapid 
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rates of increase than decrease, although three of them present evidences of still- 
stands. RU Persei, under observation only since 1935, shows a marked point of 
inflection on the descending branch of the curve instead of the ascent, unusual for 
an Me star, but perhaps not so unusual for a star of M4 type. The range in 
variation is relatively small. 

V Orionis has a wider minimum than maximum, with a descent, if anything, 
slightly more rapid than the ascent. 

S Pictoris has a decidedly more rapid rise than fall, a ratio of more than two 
to one, with a rather large range in magnitude, from six to fourteen. 

SU Tauri, 054319, Fading: One of the R Coronae-Borealis-type variables 
which has been under constant observation by the A.A.V.S.O. for many years 
recently took an abrupt turn toward minimum, Messrs. Fernald of Wilton, Maine, 
Cilley of Lewisburg, West Virginia, and Peltier, Delphos, Ohio, were the first 
to note the rather sudden decrease in brightness, and by April 24 the star had 
decreased to magnitude 12.0, from a mean maximum magnitude of 9.5. The 
decrease evidently began about April 14. The last recorded minimum occurred in 
August-September, 1938, when, according to Mount Wilson observers, the star 
became fainter than photographic magnitude 17, Other minima were noted in 
1930-31 and in 1934-35. It is hoped that observers with large instruments may be 
able to follow the star through minimum light, which may or may not be of long 
duration. 


Observations received during April, 1942: 





Observer Var. Est. Observer Var. Est. 
Ball, A. R. 8 10 Kerns 4 4 
Blunck 11 14 de Kock 67 280 

3outon 49 86 Koons 34 37 
Buckstaff > 6 Leavitt Z 2 
Cave 2 3 Manlin 23 34 
Chandra 150 231 Mason 3 3 
Diedrich 2 2 Maupomé 142 181 
Fernald 142 257 Nadeau 18 21 
Ford 16 16 Parker 57 58 
Garneau 5 6 Parks 28 58 
Giese 3 3 Peltier 117 179 
Griffin 8 8 Petzold 12 65 
Halbach 36 36 Rosebrugh 5 15 
Harris 20 20 Schoenke 6 6 
Hartmann 107 144 Sill 30 30 
Holt 137 311 Topham 35 35 
Houghton 87 217 Vohman 16 16 
Howarth 14 19 Webb 10 10 
Jones 15 15 Weber 71 95 
Kearons, Mrs. 69 175 — 

Kelly 10 13 40 Totals 2721 


May 13, 1942, 





Comet Notes 
By G. VAN BIESBROECK 
No bright comets are under observation at this time. Comet 1942a (Wuup- 
PLE) which nearly reached naked-eye visibility in March has now moved far into 
the southern hemisphere so that observers on this side of the equator can no 
longer reach it. 
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Comet 1941 f (PERIopIC SCHWASSMANN-WACHMANN No. 2) is still well 
located near Praesepe but when last recorded here on May 8 its brightness had 
dropped to magnitude 15 so that henceforth it can be reached only by powerful 
telescopes, Since its recovery on September 20, 1941, this inconspicuous object has 
been well observed so that its future course is safeguarded. 


The most recently recovered PERIopIC COMET GRIGG-SKJELLERUP has rapidly 
increased in brightness. On May 9 I estimated its total intensity as equivalent to 
a star of magnitude 13. The coma had expanded to a diameter of one minute of 
arc; there is no sharp nucleus but only a brighter condensation some 20” in 
diameter. By the middle of June it will brighten up at least another magnitude 
and be favorably situated for northern observers in Canes Venatici as shown by 
the ephemeris given on p. 277. This should bring it into the range of ordinary 
telescopes but no great physical development can be expected. Perihelion passage 
is due on May 23 while the minimum distance from the Earth comes a month 
later at which time the apparent motion is quite rapid. 

Another faint Periopic Comet (WotF No. 1) will probably come under ob- 
servation before long. The following ephemeris is given by W. P. Henderson and 
W. Whichello of the computing section of the British Astronomical Association 
(Handbook 1942). 


EPHEMERIS OF PertopiICc ComMET Wo tr No. 1 


a 5 Distance from 
1942 > = ae Sun Earth 
June 2 115.9 41613 2.44 3.00 
10 30.2 16 50 
18 44.2 iy 2) 2.44 2.86 
26 1 57.8 17 45 
July 4 211.1 18 i 2.44 2.70 
2 23.9 18 8 
20 36.1 18 7 2.46 2.55 
28 47.6 17 56 
Aug. 5 2 58.4 +17 34 2.47 2.30 


Perihelion passage is expected on June 7 but the brightness should increase for 
several months after that date as the comet approaches the Earth. The comet 
should be looked for in the morning sky. 

Williams Bay, Wisconsin, May 11, 1942. 
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Yakima Amateur Astronomers 


This enthusiastic group has recently issued a leaflet containing a statement 
of the objects and aims of the organization, the revised constitution, and the 
present list of members. As a note of encouragement to any would be amateurs 
it has adopted as its slogan “Any one who can see can be an amateur astronomer.” 

The members maintain an active program during the summer as well as dur- 
ing the winter. Plans are now being made for the annual picnic to be held in 
July. This is usually the climax of the year’s events. Music, lectures, and 
observations form a part of the occasion. Refreshments, naturally, constitute a 


large feature of any picnic. 
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The Joliet Astronomical Society 

The Joliet Astronomical Society closed its tenth year of activity with the 
annual banquet which was held in the Trinity Lutheran Church at Lockport, 
Illinois, on May 19. Dr. Frank Hancock, president of the Burnham Astronomical 
Society of Chicago, addressed the group. 

Mr. Raymond D. Cooke was elected president of the society at the organiza- 
tion meeting in October and Dr. Walter B. Huey became program chairman. 
Harlow D. Grose has been reporter of astronomical progress and Frank M. 
Preucil has been coordinator of research. Merton J. Van Antwerp acted as 
treasurer. 

The theme for the lectures was “Light and Spectra.” Robert L. Price showed 
many light phenomena at an “Open House” at the Physics Department of the 
Joliet Junior College. Dr. Huey discussed the “Optical Researches of Sir Isaac 
Newton” and Mr. Cooke reviewed the development of the subject of spectroscopy. 
Frank L. Fleener told the story of the discovery of the rare gases with particular 
reference to the discovery of helium. Mr. Price lectured on the “Electromagnetic 
Spectrum” and, later, on “Stellar Spectra.” Professor Clarence R. Smith of 
Aurora College contributed a talk on “Problems of the Solar Spectrum.” One 
evening was spent on the symposium on the aurora of September 18, 1941, and 
another was given over to a review by Ben Hur Wilson of the book “The 
Geography of the Heavens,” written over one hundred years ago. 

The first social event of the year was the joint campfire meeting with the 
Joliet Mineralorists at the Council Circle of Pilcher Arboretum, followed by ob- 
serving at Little Palomar, site of the proposed society observatory. In December, 
Mr. and Mrs. Frank M. Preucil were surprised by a house-warming in their new 
home and presented a hammered brass hearth set by the group. Fortunate were 
the members when the Misses Marguerite and Alice Dombrowska entertained 
them in their lovely home for the annual Christmas tea. A reading “Bambino 
Christmas Hearth” by Miss Esther Schwerman, dramatic instructor of the Joliet 
Junior College, was the outstanding feature of the program. 


Mrs. Monica M. Price, Secretary. 





The Cleveland Astronomical Society 


Our annual dinner meeting was well attended as usual. This meeting is such 
an institution that few miss the opportunity to listen to a good speaker, meet 
fellow members, and enjoy an excellent dinner. This year we reserved Crosby’s 
balcony dining room and met at 6:15 p.m. on Friday, May 8. After dinner we 
drove out to the Warner Auditorium, Warner & Swasey Observatory, where the 
meeting was called to order at 8:15 p.m. by our President, Dr. J. J. Nassau. He 
introduced the speaker, Dr. Cecilia Payne Gaposchkin of the Harvard College Ob- 
servatory who spoke on “Families of Stars and Stellar Evolution.” Dr. Gaposchkin 
is an authority in this field and proved a very interesting speaker. Many colored 
lantern slides illustrated the lecture and were appreciated by an attentive audience. 
After a short social session we viewed the Hercules Cluster using the new tele- 
scope. It was a splendid sight. All of our meetings this winter have been suc- 
cessful in every respect. We have had as lectures the country’s foremost astron- 
omers and we look forward to next season with keen anticipation. 


Don H. JoHNSTON. 


Euclid Beach Park, Cleveland, Ohio. 
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General Notes 


Professor H. N. Russell, of Princeton University, has been elected Honorary 
Fellow of King’s College, Cambridge, where he was an advanced research stu- 


dent from 1902 to 1905. (The Observatory, April, 1942.) 





Dr. H. Spencer Jones, Astronomer Royal of Great Britain, delivered the 
Symons Memorial Lecture of the Royal Meteorological Society on March 18, 
He spoke on “The Atmosphere of the Planets.” (Science, April 3, 1942.) 





Dr. O. L. Dustheimer has resigned his position at Baldwin-Wallace College, 
Berea, Ohio, and has begun work as a member of the staff of Penn State College. 
Dr. Paul Annear has been named as his successor as the Director of the Observa- 
tory and will be acting head of the Department of Mathematics and Astronomy, 





Mrs, Frederick Slocum, well known in astronomical circles both here and 
abroad as a consequence of her frequent attendance upon the meetings of the 
American Astronomical Society and of the International Astronomical Union, 
died at her home in Middletown, Connecticut, on May 23. Her cheerful and 
friendly greeting will be sadly missed at future gatherings. The many friends, 
far and near, of Professor and Mrs. Slocum will wish to share with Professor 
Slocum the sorrow occasioned by her death. 





Dr. Dinsmore Alter, the Director of the Griffith Observatory, Los Angeles, 
has been called to active service as Colonel of Coast Artillery in the Army of the 
United States. During his absence Dr. C. H. CLEMINSHAW, the Assistant Director, 
will be Acting Director. During the war, the schedule has been abridged so that 
the Observatory will be open only on Friday, Saturday, and Sunday, from 2:00 
to 10:00 p.m. Experience has shown through the years that the attendance on 
week-end days is larger than on other days of the week. 





Harlow Shapley, renowned astronomer and Director of the Harvard Ob- 
servatory, was the recipient of the honorary degree of Doctor of Letters at the 
76th annual Bates College Commencement exercises held Sunday afternoon, May 
24. He was one of six to receive honorary degrees. Also included in the group 
was Jan Masaryk, foreign minister and vice-premier of the Czechoslovak Govern- 
ment in London. 

In making the citation, President Clifton D, Gray said: “Harlow Shapley: 
Director of the Harvard Observatory since 1921; internationally renowned astron- 
omer to whose long catalogue of honors this citation cannot add; whose study 
of the stellar spaces has enlarged the known universe a thousand fold and whose 
work is but another witness to the fact that the mind of man is greater than the 
immensities it attempts to measure.” 





George A. Decker, 77, a director of the Warner & Swasey Company, Cleve- 
land, and Works Engineer for 25 years before he retired in 1940, died May 13. Mr. 
Decker was born in Columbus, Ohio. In 1870 his father, a cooper, moved to 
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Cleveland with his family to make barrels for John D. Rockefeller, who was 
starting in the oil business. In 1882 Mr, Decker became an apprentice for the 
Warner & Swasey Company. At that time the standard wage for machinist ap- 
prentices was four cents an hour, but Mr. Decker soon attained a higher wage 
level. His aptitude gained him appointment as foreman of the Lathe Department 
before he had finished his four-year apprenticeship. He later became Assistant 
Superintendent of the company and then Superintendent. He was made Works 
Manager in 1915, 

Mr. Decker was the oldest living employee of the Warner & Swasey Com- 
pany. In his years of employment there he erected and installed several telescopes 
and revolving domes. He was considered a specialist on the installation of re- 
volving domes, 





The Rittenhouse Astronomical Society, of Philadelphia, conducted a Quiz 
Night at its monthly meeting on Friday, May 8, 1942, in the Little Theatre of 
The Franklin Institute. The evening was described as one of fun, prizes, and 
painless instruction. 





The 1942 Chicago Conference on Spectroscopy 

A Summer Conference on Spectroscopy will be held June 22-25. The Conference 
consists in a series of interconnected symposia, designed to promote the sharing 
of experience by workers in various pure science fields in which spectroscopy is 
important. In arranging the Conference, we have acted on the belief that the con- 
tinuing broad development of pure science is important for the nation even in these 
critical times. 

Headquarters hotel will be the Windermere East, 1642 East 56th Street, a 
short distance from the 63rd Street station of the Illinois Central railroad. This 
hotel offers special rates of $3.00 single, $5.00 double (twin beds), all rooms 
with private bath, to those attending the Conference. Please reserve rooms in 
advance, communicating directly with the hotel. 

Those desiring other accommodations, or further information, should write 
to The Director, Summer Quarter, University of Chicago. Everyone is strongly 
urged to make room reservations in advance. Registration and information head- 
quarters on Monday and Tuesday, June 22 and 23, will be in Room 209, Eckhart 
Hall, on the Quadrangles at University Avenue near 58th Street, beginning at 
8:30 a.m. Everyone interested is cordially invited to attend. The preliminary 
program follows: 

Monday, June 22, 9:30 a.m., Eckhart Hall, Room 133—Introduction to the Con- 
ference, R. S. Mulliken, University of Chicago. 

Spectroscopic Methods—Discussion chairman, H. G. Gale, University of Chi- 
cago. (1) The Primary Standard of Wave-length, W. F. Meggers, Bureau 
of Standards; (2) The Measurement of Standard Wave-Lengths by the Re- 
flection Echelon Method, W. E. Williams, Pasadena; (3) Generalized Theory 
of the Concave Grating, H. G. Beutler, University of Chicago. 

Monday, June 22, 2:00 p.m., Eckhart Hall, Room 133. 

The Spectra of Comets—Discussion chairman, N. T. Bobrovnikoff, Perkins 
Observatory. (1) Molecular Bands in Cometary Spectra: Intensity Measure- 
ments, A. McKellar, Dominion Observatory; (2) Molecular Bands in Come- 
tary Spectra: Identifications, P. Swings, Yerkes Observatory. 
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Monday, June 22, 8:00 p.m., Eckhart Hall, Room 133. 

Spectroscopic Applications of Atomic Beams—Discussion chairman, G. S. Monk, 
University of Chicago. K. W. Meissner, Purdue University; R. A. Fisher, 
Northwestern University; J. E. Mack, University of Wisconsin; W. E. Wil- 
liams, Pasadena. 

Tuesday, June 23, 9:30 a.m., Eckhart Hall, Room 133. 

The Earth’s Atmosphere and the Constitution of the Planets—Discussion chair- 
man, O. R. Wulf, University of Chicago. (1) Meteors and the Earth’s Upper 
Atmosphere, F. L. Whipple, Harvard Observatory; (2) The Light of the 
Night Sky, C. T. Elvey, McDonald Observatory; (3) The Geochemistry of 
the Atmosphere in Relation to the Constitution of the Terrestrial Planets, 
R. Wildt, Princeton University. 

Tuesday, June 23, 2:00 p.m., Eckhart Hall, Room 133. 

Atomic Spectra—Discussion chairman, R. A. Fisher, Northwestern. (1) Atomic 

Spectra of the Rare Earth Elements, W. F 
Tuesday, June 23, 6:00 p.m. 
Conference Dinner. 


. Meggers, Bureau of Standards, 


Wednesday, June 24, 9:30 a.m., Auditorium, Museum of Science and Industry. 
Triatomic Spectra—Discussion chairman, H. H. Nielsen, Ohio State University, 
(1) Infra-red Spectra of Triatomic Molecules, E. F. Barker, University of 
Michigan; (2) Electronic Structures and Spectra of AO, Molecules, R. § 
Mulliken, University of Chicago; (3) Emission spectrum of the ion CO 
S. Mrozowski, University of Chicago. 


2 


7 Ww 


2) 


Wednesday, June 24, 2:00 p.m., Museum of Science and Industry. 

Electronic Spectra of Organic Molecules—Discussion chairman, K. F. Herzfeld, 
Catholic University. (1) The Interpretation of Ultraviolet Absorption Spectra 
in Terms of Resonance Structures, W. H. Rodebush, University of Illinois; 
(2) Ultraviolet Spectra of Substituted Benzenes, H. Sponer, Duke Univer- 
sity; (3) Electronic Absorption of Benzene and Substituted Benzenes, A. L. 
Sklar, Catholic University. 

Wednesday, June 24, 8:00 p.m. 

Spectra of Eye Molecules—Discussion chairman, W. G. Brown, Chicago, (1) 
Historical Introduction, W. G. Brown, University of Chicago; (2) Absorp- 
tion and Structure-Degeneracy in Dyes, L. G. S. Brooker, Eastman Kodak 
Company; (3) Energy Levels and Color of Polymethine Dyes, A. L. Sklar, 
Catholic University. 

Thursday, June 25, 9:30 a.m. 

Electronic Spectra of Organic Molecules—Discussion chairman, G. W. Wheland, 
University of Chicago. (1) The Absorption Spectra of a Series of Dienes, 
E. P. Carr and L. W. Pickett, Mount Holyoke; (2) Theoretical Studies on 
Electronic Spectra, R. S. Mulliken, University of Chicago, and C. A. Rieke, 
Massachusetts Institute of Technology; (3) Calculation of the Absorption 
Spectrum of the Wurster Salts, M. Goeppert-Mayer, Columbia University. 

Thursday, June 25, 2:00 p.m. 

Cooperative Spectra—Discussion chairman, J. Franck, University of Chicago. 
(1) Influence of Environment and Aggregation upon the Absorption Spectra 
of Dyes, S. E. Sheppard, Eastman Kodak Company; (2) The Absorption and 
Emission of Light as a Function of Molecular Orientation, G. N. Lewis, Uni- 
versity of California. 
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Thursday, June 25, 8:00 p.m. 

Cooperative Spectra—Discussion chairman, P. Pringsheim, University of Chi- 
cago. (1) The Spectra of Some Polymerzied and Associated Ions, E. Rabino- 
witch, Massachusetts Institute of Technology; (2) The Spectra of Some 
Ions in Fields of Various Symmetry in Crystals and Solutions, S. Freed, Uni- 
versity of Chicago. 





1942 Summer Star Study 


Beginning Monday, June 1, and continuing every Monday evening throughout 
the summer and fall, to November, the Amateur Astronomers Association of 
Pittsburgh in cooperation with the Pittsburgh, Pennsylvania, Bureau of Parks 
and the Allegheny Observatory, will again conduct the Summer Star and Con- 
stellation Study Group. This will mark the seventh consecutive year for this 
successful program, and it is open to all interested people. All meetings will be 
held at the Allegheny Observatory in Riverview Park and will convene at 8:30 
p.M. In case of bad weather a lecture will be planned and if observation is pos- 
sible, the meeting will be divided into two sections. 

The constellation classes will continue to meet as one section. Under the 
leadership of Fred Garland, the main theme of the second group will be astro- 
navigation and for this reason will be of interest to not only those interested in 
star study but also to young men in aviation or navigation. Such fundamental or 
ground work will be covered as the rising time of certain stars, how to identify 
them, and particularly where to find them in the night sky. This orientation of con- 
stellations, stars, and planets will comprise the most important part of the pro- 
gram. 





United States Civil Service Examinations 


TECHNICAL ASSISTANT (Engineering), $1,800 a year.—Applications must be 
filed with the United States Civil Service Commission, Washington, D. C., and 
will be rated as soon as practicable after receipt until June 30, 1942. Applicants 
must have successfully completed at: least 3 years of a full 4-year course leading 
to a bachelor’s degree at a college or university of recognized standing. This 
college study must have included the successful completion of the following: 

(a) At least 6 semester hours in college mathematics including college algebra 

trigonometry ; and 

(b) At least 6 semester hours in college physics; and 

(c) At least 6 semester hours in one or more of the following subjects: 

advanced mathematics, advanced physics, engineering mechanics, en- 
gineering thermodynamics, hydraulics, strength of materials, public 
health, or other technical subjects in any of the branches of engineering 
except chemical, 


Engineering Defense Training Courses sponsored by the United States Office 
of Education and aggregating at least 300 hours of preparation, lecture, recitation, 
or laboratory will be accepted in lieu of requirement (c) above. 

It is desired that at least 1 year of the prescribed education shall have been 
obtained within the 10 years immediately preceding the date of receipt of appli- 
cation. In filling vacancies, those eligibles whose education meets this standard 
of recency will be certified and considered first. There are no age limits for this 
examination. 
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Junior Meteorotocist, $2,000 a year—Note. A number of subprofessional 
positions in meteorology at $1,800 and $1,620 a year will be filled from the list 
resulting from this examination by consideration of qualified persons who are will- 
ing to accept these salaries. Applicants should indicate in their applications the 
lowest salary they are willing to accept. Women are particularly desired for these 
positions, 

Applications will be accepted until the needs of the service have been met, and 
must be filed with the Civil Service Commission, Washington, D. C. 

Except for the substitution provided for in the original announce- 





Education, 
ment, and below, applicants must have successfully completed a full 4-year course 
leading to a bachelor’s degree in a college or university of recognized standing, 
including as a minimum, the following graduate or undergraduate study: (a) 6 
semester hours in college mathematics, (b) 8 semester hours in college physics, 
and (c) 6 semester hours in Meteorology. Courses in synoptic and dynamic 
meteorology are particularly desired. Successfully completed defense training 
courses in meteorology sponsored by the United States Office of Education will be 
accepted to the extent that they are equivalent to 1 or more semester hours’ col- 
lege study, even though college credit is not actually given. 

May 4, 1942. 





United States Marine Corps 
Headquarters, District of Minneapolis, Minnesota 


Requirements for enlistment in the United States Marine Corps have been 
widened so that men previously ineligible to enlist can now qualify, according 
to Capt. W. L. Harding of the Minneapolis recruiting office, in charge of this 
district. 

Especially qualified men between the ages of 30 and 33, and men varying not 
more than one inch from the present height requirements of 5 feet, 4 inches, to 
6 feet, 2 inches will be considered for enlistment. Minimum age for enlistment is 17. 

In addition, applicants wishing to enlist in the Marine Corps can now do so 
immediately, without any waiting period. They may still enlist even though they 
have been called for induction by the army. 

Applicants may enlist in either the regular Marine Corps or the Marine Corps 
reserve. Enlistment in the regulars is for four years; in the reserves, for the 
duration of the war. Choice is up to the applicant, and both branches provide 
identical pay, training, assignment to duty, and chances for promotion, 

Further information may be obtained at the Marine Corps recruiting office in 
room 172 Federal Office building, Minneapolis; room 113, Old Postoffice building, 
St. Paul; 6 Robert street, Fargo, North Dakota; and in the postoffice buildings in 
Duluth and Albert Lea, Minnesota; Minot, Bismarck, and Grand Forks, North 
Dakota, and Aberdeen, Sioux Falls, and Rapid City, South Dakota. 





Correction: In order to give meaning to the sentence ending in line 29 of 


page 262 of the preceding issue, it is ncessary to change the final word in the 
sentence from demand to supply. Ep, 














ol- 


‘ps 
he 
de 


in 


in 


th 








Book Review 347 





Book Review 


What Is Truth? by Glen Hilding Draper, 122 pages, (Ransdell Incorporated, 
Washington, D. C.) 


Here, at last, is an explanation of nature which satisfies one’s intuitional 
desires, as it postulates understanding to be paramount to knowledge. This little 
book could as well have been entitled “Theory of Knowledge” as its theme ap- 
pears to be that visualization and physical conception of a theory is necessary be- 
fore any question about its truth can have meaning. 

My efforts to comprehend Einstein’s “relativity” before reading “What Is 
Truth?” had all failed as I was confused. One of Einstein’s postulates asserts 
“A gravitation field of force is precisely equivalent to an artificial field of force, 
so that in any small region it is impossible by any conceivable experiment to dis- 
tinguish between them.” This assumption, especially the last clause, denies the 
possibility of such observation as—the Foucault pendulum, aberration of light, 
the Fizeau experiment, and several other similar phenomena. The relativists do 
explain these by resorting to another theory—the restricted theory. This having 
Monday, Wednesday, and Friday theories is referred to in “What Is Truth?” as 
Humpty-Dumpty science. Such theories may be necessary as compromise and 
approximate theories, but they must be recognized and admitted to be such. The 
postulates of “What Is Truth?” accepts all mathematics, even Einstein’s, but 
practically none of its authority and interpretations as they are admittedly in- 
conceivable sophistry. After reading “What Is Truth?” one has the feeling that 
civilization can be benefited by science when, and if, science is based upon under- 
standing and not upon authority. 

The book is altogether too brief on the several phases of nature discussed. 
To the author, chapter ten, The Universal Law of Gravitation, appears to be the 
foundation upon which the book was written. Several new theories are proposed; 
the equation on page 96 which appears to state in Newtonian language all the 
things claimed by the relativists for their theories. This should excite a debate 
among the mathematicians, but to me the explicit criteria and definitions of truth 
contained in chapter three has the greatest value for those of us who still trust 
our own commonsense. 

Time alone can determine whether the criteria will suffocate themselves by 
the rigid precept that a single inconsistency in a theory proves the entire relevant 
part of the theory false. 

The book does not contain a bibliography but this seems to be according to 
his theory as he states on page 111 “The writer feels that the few crumbs of value 
to be found in this book should have been expanded into many volumes, but he 
realizes the force of tradition which must be broken before Utopia can be a reality, 
and therefore leaves the reader to think for himself.” 

The explicit criteria whereby truth can be tested and known will, at some 
future date, cause this book to be listed among the great achievements of the 
twentieth century. 


H. R. OLtver. 


Falls Church, Virginia. 
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The principal articles of this magazine, beginning with Volume 15 (1907), are 
listed in the INTERNATIONAL INDEX To PERIODICALS. 











